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OFFICERS 
OF THE 


New England Water Works 


Association 


1956-1957 


Epwarp L. Tracy, Director, Division Engineering, State Department of 
Health, Burlington, Vermont. 
(Term expires September 1957) 
VICE PRESIDENTS 
Geonce G. Bocren, Partner, Weston and Sampson, Boston, Mass. 
(Term expires September 1957) 
Crarence L. Autoren, Assistant Superintendent, Water Works, Manchester, New Hamp- 


(Term expires September 1958) 
DIRECTORS 
Wannen A. Gentnen, Deputy Manager and Chief Engineer, Water Bureau of the Metro- 

politan District, Hartford, Connecticut. 
(Term —- res September 1957) 

Kennetu W. Rosie, Superintendent, Water Department, Brookline, Massachusetts. 
(Term expires September 1958) 

Peren C. Kanarexas, Chief Engineer, Municipal Water Works, Springfield, Massa- 


(Term expires September 1959) 
PAST PRESIDENTS 
Rocer G. Oaxman, Superintendent, Water Division, Needham, Massachusetts. 
Autan F, McAtary, Superintendent and Treasurer, Camden and Rockland Water Com- 
pany, Rockland, Maine. 


SECRETARY 
Joszrn C. Knox, Secretary, New England Interstate Water Pollution Control Commission, 
Boston, Massachusetts. 


P. Metter, Commissioner, Wone Milton, Massachusetts. 
(Term 1957) 


Grorce C. Houser, 220 Clyde Street, Brookline 67, Massachusetts. 


HE Association was organized in Boston, Mass., on June 21, 1882, with the object 

of providing its members with means of social intercourse and for the exchange of 

knowledge pertaining to the construction and management of water works. From an 

original membership of only Twenty-seven, its growth has prospered until now it in- 
cludes the names of over 1000 men. Its membership is divided into six classes, viz.: 

A Member shall be an officer or employee of « public or of knew water works, an engineer, chemist or other 


person qualified to aid or interested in the advancement knowledge relative to water works. 
An Honorary Member shall be « person of ac in some branch of water supply or of 


engineering. 

with water supply work. 

An Associate shall be either a person, firm or corporation engaged in manufacturing or furnishing meterials 
or supplies for the construction or maintenance of water works. 

A Corporate Member shall be either « Water Board, 

The initiation fees and annual dues are as follows: 


Initiation Fees 


Jesters 
Corporate Memb 
This Association has at least eight regular meetings each year, of which five are held in 


Boston, one in northern New England, one in southern New England, and one, the annual 
convention, held in September or October on such date as the Executive Committee may 
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GUIDED 
MISSILE 


Dead Center! 


Because an ample supply of water is vital to the government guided 
missile base at Cocoa, Florida, authorities installed 160,000 feet of 36” 
and 64,000 feet of 24” LOCK JOINT PRE STRESSED CONCRETE 
CYLINDER PIPE. Every joint of each 16’ section in this line fits dead 
center because the volumetrically measured rubber gasket exactly fills 
the annular recess in Lock Joint’s self centering flexible Rubber and 
Steel Joint. 


How many pounds of rubber were required to seal this line? The answer 


can be computed from the figures in the illustration above 


This is an interesting statistic, but more important is the fact that besides 
the volumetric measurement, careful tests for strength and elasticity 
are made on each rubber gasket before it is used. These 
are only a few of the many quality control tests which 
mark every phase of the manufacture of Lock Joint 


Concrete Pressure Pipe. 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sales Offices: Chicago, Ill. + Columbia, $. C. » Denver, Col. + Detroit, Mich. + Hartford, Conn. + Kansas City, Mo 
Pressure + Water + Sewer + REINFORCED CONCRETE PIPE + Culvert » Subaqueous 
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Did You Know This 
About Water Meters? 


JUIETEXRS APPORTION WATER CHARGES FAIRLY 


SEAMS, §=NMeters accurately record the amount of water your 
customers use. They pay only for this amount. They 
pay you at a fair rate established by your utility to 
cover the proportionate share of the cost for gathering 
the water and delivering it sparkling pure to homes 
and industry. 


PNETERS viscourAGE WATER WASTE 


Wasted water is an expensive luxury. Unnecessary 
water usage can endanger the welfare of an entire 
community. With a meter standing guard over each 
service, water waste is discouraged. Everyone benefits 
by having an assured supply of water for every normal 
need. 


METERS ARE ACCURATE, LONG LIVED 


seme You can rely on the accuracy of meters, for water 
meters are precision instruments made and carefully 
tested to measure exactly the amount of water used. 
Periodic maintenance and repair will keep meters per- 
forming like new for many years. 


ROCKWELL MANUFACTURING COMPANY 
Pittsburgh 8, Pa. 
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R.D.WOOD, 


Leader Since 1803, 
Presents 


A Low-Cost Hydrant You Can 
Depend On 

The R. D. Wood Standard Swivel 
Joint Hydrant gives you the most for 
your money in strength, reliability and 
sound design. The all-bronze stuffing 
box, gland and operating nut prevent 
rust and corrosion. Internal friction 
which might lower pressure is reduced 
to well below A.W.W.A. specifications 
by tapered nozzleways and carefully 
rounded changes in diameter. 


Breakable Flange and Stem 
Coupling 

Available at slight extra cost. Designed 
to snap under a blow which would 
otherwise smash the hydrant, flange 
and stem coupling can be inexpen- 
sively and quickly replaced without 
excavation, 

Extension Piece 

Can be inserted without interrupting 
water flow. 


R. D. Wood 


Hydrants now avail- 
Valves now 


able with O-Ring 
Seal when specified. 


All available with mechanical joint and flange-ty 


A Gate Valve Built for 
Generations of Trouble- 
Free Operation 


The R. D. Wood Gate Valve 
can be depended on to work 
ind keep on working for years 
It is simply constructed a 
spreader and two discs are the 
only moving parts. The discs 
are free to revolve their full 
circumference, preventing un 
even wear on faces and seats. 
When valve is fully open, gates 
are entirely clear of flow. 


Gate 


avail- 


able with O-Ring 


Seal when specified. 


pe pipe connections 


R. D. WOOD CO. 


Public Ledger Building, Independence Square - 


Manufacturers of Mathews Hydrants and “Sand-Spun" Pipe (ce 


Philadelphia 5, Pa. 


ntrifugally cast in sand molds) 
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Sliding Type 


The Three “Bigs” in Buying 
1. Standardization 


2. Dependability 
3. Quick Delivery 


BINGHAM & TAYLOR 


Genuine Buffalo Cast Iron 
Service. Valve. Roadway and Meter Boxes 


Manhole Frames and Covers 
CULPEPER, VIRGINIA 


In Two Sections 
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For Setting 
rz Meters in 
Basements 


we 


Cut supply 
} line. Clamp 
but convenient 


In a vertical basement pipe, 
against the wall or in a corner, 
the Kornerhorn makes a most 
satisfactory meter setting. In- 
stallation is fast and economical 
as pipe threading is eliminated. 
Send for detailed information. 


f* When Valves 
/ are Needed 


Ford Kornerhorn valves in- 
stalled on the supply side, 
or on both sides of the 
Kornerhorn add extra con- 
venience and cleanliness by 
when meters are changed. Kemerhorn 
in place 


Add 


THE FORD METER BOX COMPANY, INC. 


FOR BETTER WATER SERVICES FORD | 


Wabash, Indiana 
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MUELLER 


inverted key curb stops 


DESIGN 

Steeper key taper provides easier 
operation. Water pressure exerts 
in upward force for additional seat 
ing action. A downward tap unseats 


and pressure reseats the key 


MATERIALS 


All parts - body, key, coupling nuts 
base caps, combined cap and tee, et« 
are cast from high quality bronze 
Leak proof gasket around base cap 


prevents leakage 


. All machining is to exacting toler 
A variety of Mueller Curb 


Stops is available, with a complete fitted and individually lapped. Every 
stop is tested with air pressure 


range of inlet and outlet types 


and combinations. Your Mueller 


Representative can help you 
with any Curb Stop problem 


Call on him or write direct 


MUELLER CO. 
DECATUR, ILL. 


Factores at Deceter (os Angeles 
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have 


you 


Dr. Centrifine ‘cue 


If not, you should! He can do 
things for you . . . like making 
your job easier and saving you 
money. He’s a versatile and 
somewhat ingenious many-armed 
creature who specializes in 
cement-mortar lining the inside 
of pipes. And he’s done this 

to over 4 million feet of pipe, 


too—eliminating corrosion 


and tuberculation . . . increasing 


flow capacity... . reducing 
leakage .. . slashing pumping 
costs ... and adding years and 
years of pipe life. If you'd like 
to learn more about Dr. 
Centriline and how he can 
work for you, just write or 
call for one of our descriptive 


brochures. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 


140 CEDAR STREET 
NEW YORK, N. Y. 


Branch Offices in Principal Cities 
of the United Stotes, 
Canade and Latin America 
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ANOTHER 
FAIRBANKS-MORSE 
LEADER 


Complex fire fighting system guards world’s largest Auto Assembly 
Plant. Ford Motor Company at Mahwah, N, J. Protected by extensive 
system including two Fairbanks-Morse Centrifugal Fire Pumps. 

One of the newest in the Ford chain of 16 assembly plants, the 
giant Mahwah installation is capable of turning out more than 1,000 
cars and trucks in a single two-shift working day. 

The system was designed by Ford engineers in collaboration with 
consulting engineers R. F. Giffels and V. E. Vallet. 

The pumps chosen for this important service are two Figure 5814F 
Fairbanks-Morse horizontal centrifugals. One is a 6-inch pump with 
rated capacity of 1500 gallons per minute at a discharge pressure of 
125 pounds. This is driven directly by a 150 HP Fairbanks-Morse 
type QZK induction motor at 1770 RPM. The second pump is even 
larger, an 8-inch F-M unit rated at 2500 GPM and driven through 
power transfer gears by a pair of 6-cylinder diesel engines. Actually 
there are three pumps, the third being a l-inch Figure 5592- F-M 
centrifugal driven at 3475 RPM by a 15 HP motor. 


Write or telephone to: 


FAIRBANKS, MORSE & CO. 


178 Atlantic Avenue Boston 10, Massachusetts 
Telephone: LAfayette 3-3600 
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Tanne 


—and indispensable 
to better community 
water service! 


Integral elements in Kargo’s general 
plan for improved city water pressure 
and fire protection service are these 
modern Pittsburgh-Des Moines ele 
vated steel tanks 

\t top is shown the newly-erected 
PDM 1,000,000-gallon radial cone 
tank, built across town from the pump 
ing station, supplying both a residential 
area and North Dakota \gricultural 
College Below i pictured the new 
PIDM 500,000 gallon double ellipsoidal 
tank located in the business district for 
always-available fire protection (The 
privately-owned roof-top — industrial 
tank is also by PDM') 

Write for your free copy of our 28 
page Elevated Tank Catalog, illustrat- 
ing and describing the various types in 
detail 


PITTSBURGH + DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO, and CADIZ, SPAIN 


Sales Offices at: 
PITTSBURGH (25). . . . 3424 Neville island DES MOINES (8). . 925 Tuttle Street 
NEWARK (2). . . 221 Industrial Office Bidg. DALLAS (1). . 1229 Praetorian Bidg. 
CHICAGO (3), 1228 First National Bank Bidg. SEATTLE....... 532 Lane Street 
EL MONTE, CAL......... P. 0. Box 2068 SANTACLARA, CAL., 631 Alviso Road 
MADRID, SPAIN . . . Diego DeLeon, 60 


Part of the skyline at FARGO. wort 
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HE A. P. SMITH MANUFACTURING CO. 


produces, ? FIRE HYDRANTS A. W. W. A. Specification 


and High Pressure — Compression Type — Dry and Wel Barrel 


Types. é GATE VALVES sizes 2" thru 66”, Manual, Hydraulic 


Cylinder, Electric Motor Operated for Low, Medium and High Pres- 
sure Service. Sues INSERTING VALVES sizes 4° thru 48” for 


inserfing under pressure. “Ageia, TAPPING SLEEVE AND VALVES 


sizes 4" x 2’ thru 60" x 48" for branch connections under — 


j: THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 
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TIME-SAVING COMBINATION 
LEAK DETECTOR-PIPE LOCATOR 


THE M-SCOPE MASTER 
Electronic Witch Combination 


You're looking at the much-talked-about of use and portability, make this instrument 
NEW M-Scope ... the only dual-purpose that one of the most welcome contributions to 
detects leaks and locates pipe. Its rugged, _ the water works industry. 

highly efficient electronic circuit, plus ease 


For greatest convenience and reliability, the built-in battery tester for 
M-Scope MASTER is equipped with a __ of battery condition in the field or elsewhere. 


WRITE TODAY FOR SPECIFICATIONS AND PRICE! 


PIPE LINE EQUIPMENT 


Place your next order with POLLARD 


POLLARD NEW HYDE PARK + NEW YORK 


h Offices: 964 Peoples Buriding, Chicago, 
333 Condier Building, Ationto, Georgio 


PIPE LINE EQUIPMENT 


PIPE LINE EQUIPMENT 


& 


Town of North Andover — New Lake Cochichewich Pumping Station 


Pictured above are two De Laval two-stage centrifugal pumping 
units installed in a modern completely automatic water works station. 
Design conditions of each unit are 1400 GPM against 280 ft. TDH. 
Gasoline Engine auxiliary drive is included on one unit for emer- 
gency operation. 

Qur contract included installation of pumps, chemical equipment, 
intermediate piping and electrical control equipment. 

Weston & Sampson, Consulting Engineers, prepared the plans and 
specifications, and supervised the installation of all equipment. 


TURBINE EQUIPMENT COMPANY OF 
NEW ENGLAND 


80 Federal Street Phone Liberty 2-5993 Boston 10, Mass. 


New England Representatives for 


DE LAVAL STEAM TURBINE COMPANY 


TRENTON, NEW JERSEY 
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It costs more to dig up a valve than it does 
to be sure that the valve is right in the first 
place. Rensselaer A.W.W.A. Valves have 
been giving satisfactory service in hundreds 
of cities for many years, and there are many 
“reasons why.”’ 

The well known Rensselaer wedge mech- 
anism, for instance, presses the gates firmly 
against the valve seats on closing, but on the 
first curn of the opening, the wedging mech- 
anism is released and the gates are free. 

The generous use of solid bronze, the rust 


proofing and the simplicity of servicing make 
for long life and low maintenance. All parts 


are interchangeable and accurate because of 
the precision casting and machining. 
Only two types of valve ends are shown. All types are available together 
with tapping valves and other accessories. 


The names, Ludlow and Rensselaer mean the same today that they have 
during your lifetime. The desire to serve the Water Works Field in person 
—in research and design and in prompt delivery of original equipment and 
spare parts for all products has not changed. On the other hand, our ability 


to serve has at least doubled. 
16 


Rensselaer 
VALVES & HYDRANTS 


Since 1861 THE LUDLOW VALVE MANUFACTURING CO. Troy, N. Y 
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Modern register installed 1955 


Original meter pur 
chased 1913 


Oil-enclosed type gear 
train installed 1925 


New, current-model 


measuring chomber os 
sembly instolled 1955 


It was built in 1913 . . . but it’s almost os new os 1957. Over the yeors, 
working ports have been replaced. Its performance matches every 
standard of modern metering practice. 


The ports used to repair this meter at its last overhaul are identical 
to those used in the lotest Trident meters. They embody every thor- 
oughly tested advancement known to the science of metering. 


Designing modern parts to fit “old” meters has been a rigid Nep- 
tune policy for over 50 years. It is just one of the extra advantages 
that make Tridents a better buy . . . both for today and for the years 
to come. 


How NEW is this Meter? 


NEPTUNE METER COMPANY 
19 West 50th Street, New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Road, Toronto 14, Ontario 


Branch Offices in Principal 
American and Canedian Cities. 
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your TRUMP... 


STERILIZE your own water supplies! 


You'll win all around . .. with this “packaged” unit that contains every- 
thing needed to properly, safely, and dependably handle hypochlorite 
solutions .. . for sterilizing small water supplies, for emergency water 
sterilization, or for standby service. 

You'll be playing it safe . . . because the basic unit is a Proportioneers 
Heavy Duty Midget Chlor-O-Feeder, the proportioning pump that has 
won such universal acceptance. 


HERE’S THE WINNING HAND... 


© Low initial cost, minimum upkeep expense due to 
simple, durable construction. 


© Delivers 0.5 to 9 gph against pressures up to 85 psig 
to meet most small installation requirements. 


© Positive displacement diaphragm pump features anti-corrosive construction 
throughout, has “see-thru” pumping head showing pumping action at all times. 
© Backed by PROPORTIONEERS, leading manufacturer of chemical feeders. 
* Complete package — easy to install. 

IT’S YOUR TURN TO WIN! 
FREE Bulletin 1201-2 gives complete details ... . send for your copy 
today! PROPORTIONEERS, INC., 366 Harris Ave., Providence 1, R. I. 


@ PROPORTIONEERS 
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of 


New England Water Works 


Association 


Hotel Statler, Boston 
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New England Water Works Association 


ORGANIZED 1882 


LXXI June, 1957 No. 2 


This Association, as a body, is not responsible for the statem 


ST. LAWRENCE POWER PROJECT 
BY W 


M. HALL* 


Read September 17, 


1956 


History 


The large quantity of potential power in the St. Lawrence River 
between Lake Ontario and tidewater at Montreal, Canada, was well 
known long before the development of power was commenced. Like- 
wise, the large quantity of potential power in the Niagara River be- 
tween Lake Erie and Lake Ontario was well known long before any 
development materialized. 

Navigation possibilities were similarly well known for an even 
much longer period of time. There was navigation on the St. Lawrence 
River in the 18th century, before the American Revolution. The ob- 
jective has long been and still is:—-a seaway suitable for ocean-going 
ships to navigate from Montreal Harbor to all ports on the Great 
Lakes. 


When the use of electricity began to grow, shortly before the 
year 1900, engineers promptly realized the power possibilities of the 
St. Lawrence River. This tremendous stream originates at the outlet 
of Lake Ontario, draining the largest body of fresh water in the world 

the five Great Lakes. These lakes form an enormous natural regu- 
lating reservoir, which smooths out the variations of flow from tribu- 
tary streams within the watershed and tends to equalize the out-flow 
from season to season. Below Lake Ontario the river drops about 
92 ft in less than 50 miles throughout the International Rapids along 
the United States-Canadian border. The large steady flow combines 
with this fall to create an unusual natural opportunity for power pro- 
duction. 


A partial hydroelectric development of Niagara Falls took place 


Chas. T. Main 


sident 


Ine BO Federal St Boston, Mas 
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in about 1895 on the American shore. Subsequently, Canadian hydro- 
electric projects have been carried out and the Canadian development 
of the Niagara Falls is now in its final stages. 

The rapids in the lower portion of the St. Lawrence River, lying 
entirely within Canada, have long since been developed with major 
power facilities. Canadians have also constructed a 14-foot navigation 
draft facility through the International Rapids of the St. Lawrence 
River by a system of canals and locks. 

Studies, reports and legislation have been under consideration for 
many years for the development of hydroelectric power in the inter- 
national section of the St. Lawrence River. As long ago as 1909 the 
Boundary Waters Treaty between the United States and Canada 
specified the uses to be made of international waters and established 
the International Joint Commission. 

Canadian legislation and Presidential order designated, respec- 
tively, the Hydro-Electric Power Commission of Ontario and the 
Power Authority of the State of New York as instrumentalities of 
each nation responsible for construction and operation of the St. Law- 
rence Power Project. A 50-year license for the construction and op- 
eration of the project by the Power Authority was issued by the Fed- 
eral Power Commission in 1953. In the fall of 1953 the Power Au- 
thority engaged Sanderson & Porter of New York and Uhl, Hall & 
Rich of Boston, a joint venture, to make an engineering report and 
estimate of cost of the project suitable for financing and budget con- 
trol. This assignment was completed in August, 1954. 

As of September 1, 1954, Uhl, Hall & Rich was engaged by the 
Power Authority to design, supervise all field investigations, manage 
the construction, and carry out initial operation of the St. Lawrence 
Power Project. 

Uhl, Hall & Rich is an affiliate of Chas. T. Main, Inc. The seven 
directors of Chas. T. Main, Inc., are all partners of Uhl, Hall & Rich, 
and all seven partners are registered licensed engineers in the State of 
New York. 

DEFINITION OF PROJECT 

There is much uncertainty in the minds of many business and 
professional men, including well-informed engineers, as to exactly 
what the St. Lawrence Power Project really is. This is partly due to 
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the unusual publicity given to one and then another of several non- 
related projects, partly due to the former long-time efforts to secure 
authority for a combined power and seaway project, and partly due 
to a possible combination of Niagara and St. Lawrence hydroelectric 
powers. 

The St. Lawrence Power Project is a completely separate un- 
dertaking from the seaway project. The St. Lawrence Seaway Project 
has been authorized and financed, is being carried out by the United 
States and Canadian Governments, and will continue to be a separate 
undertaking. 

Likewise, the St. Lawrence Power Project is an entirely separate 
undertaking from the Niagara Power Project. There is no doubt but 
that the Niagara Project will eventually develop all of the available 
power at Niagara Falls, but there has been no authorization for the 
construction and operation of this project as yet. 

FINANCING 

The construction cost excluding power-plant equipment is borne 
equally by the Power Authority of the State of New York and Hydro- 
Electric Power Commission of Ontario. The Power Authority and 
Ontario Hydro bear their own cost of power and transmission plant 
equipment, working capital, interest during construction, and other 
miscellaneous expense and credits. 

The total cost is estimated to be about $560 million. The esti- 
mate of the Power Authority share of the equally divided cost is 
$235 million, power and. transmission plant about $50 million, non- 
construction items about $50 million net, making the total Power 
Authority requirement $335 million. 

The Power Authority borrowed $40 million in July, 1954, to 
start construction in the field and the procurement of plant equip- 
ment. This was on a short-term basis. In December, 1954, the Reve- 
nue Bond Issue of the entire Power Authority requirement of 
$335 million completed the financing of their portion of the project. 


RIVER FLOW AND DISTRIBUTION 


Above the International Rapids section, the watershed of the 
St. Lawrence River covers an area of about 300,000 sq mi between 
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the United States and Canada, including the five Great Lakes which 
constitute nearly one-third of the entire drainage area. Annual rain- 
fall over the area averages 31 in., about one-third of which runs off to 
the river. Lake levels and out-flow from Lake Ontario have been 
recorded for almost a century. 


The St. Lawrence is one of the world’s large rivers. Its his- 
torical average annual discharge at the outlet of Lake Ontario is 
236,000 cfs, which is exceeded by only a few rivers on the North 
American continent. Its primary advantage from the standpoint of 
hydroelectric power production, however, is not its total discharge 
but the uniformity of its flow year by year and season by season. 

The maximum flow on record is a little more than twice the rec- 
ord minimum flow. For example, other streams of comparable size 
vary much more widely. The Columbia River has a ratio of 35 to 1; 
the Mississippi River 25 to 1; and the Ottawa, which joins the St. 
Lawrence below the project, 31 to 1. 

The river flow useful for power will be divided equally between 
the Power Authority and Ontario Hydro. The capacity of the Power 
Authority section of the power plant equals the capacity of the 
Ontario Hydro section of the power plant. 


PROJECT FEATURES 


The project consists of two major dams, the powerhouse intake 
structure, power and transmission plant equipment, extensive river 
channel works, dikes and miscellaneous construction. It is necessary 
to relocate highways, railroads, navigation facilities, as well as homes 
and towns within the forebay pool area. Access by railroad and high- 


ways and construction camps required extensive work of a temporary 
nature. 


Iroquois Dam 


The Iroquois Dam is located a short distance downstream from 
Ogdensburg, N. Y., opposite the town of Iroquois, Canada (see 
Fig. 1). It is a buttressed, gravity concrete structure, consisting prin- 
cipally of a series of piers and sluiceways. There will be 40 openings 
between piers and these are controlled by 32 two-section, fixed-roller, 
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vertical lift gates and 8 single-section gates of the same type, all op- 
erated by two 225-ton-capacity, traveling gantry cranes. 

The function of the Iroquois Dam is to act as a flow control and 
regulator, to replace the natural rock ledge near Galop’s Island up- 
stream from the dam, being removed to provide the necessary channel 
for navigation. The dam will regulate the out-flow from Lake Ontario 
and restrict to the practicable minimum any variations in lake level 
that would adversely affect the physical properties along the lake 
shore. It will also expedite the formation of a very desirable, solid 
ice sheet on the upper river during the winter season. From the stand- 
point of power-plant operation, the dam will permit the essential op- 
eration of daily pondage variations without variations in the level of 
Lake Ontario. 


Long Sault Dam 


The Long Sault Dam extends from the American shore to the head 
of Barnhart Island and closes the south river channel. This dam is 
entirely in United States territory and is located slightly northeast of 
the town of Massena, N. Y. 

The Long Sault Dam is a conventional, gated, spillway, concrete 
gravity structure, curved in plan to conform with the natural loca- 
tion of the most favorable bedrock foundation. The maximum height 
of the dam above foundation is 145 ft. The dam will raise the water 
level about 90 ft above the river bottom. Vertical lift gates will be 
provided to discharge any river flows which are not passed through 
the power plant. 

There will be 30 gates, each 50 ft wide. The gates will pass the 
maximum known January river flow of 220,000 cfs at the minimum 
pool elevation, which is 11 ft lower than the ultimate pool level. 

Eighteen of the gates, in the center of the spillway and opposite 
the deepest part of the river channel, are divided horizontally into two 
sections, so that floe ice may be skimmed over the lower gate se 
tion. These 18 gates will have fixed individual hoists. The remain- 
ing 12 gates will be operated by either of two traveling gantry cranes 
Air bubblers and electric heaters will be provided for all gates, due to 
the severe icing conditions during the winter season. 
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Barnhart Island Powerhouse 


All of the power generated by the St. Lawrence Power Project 
will be produced at the Barnhart Island power plant, which spans the 
north channel of the river at the lower end of Barnhart Island, with 
one-half the plant located in the United States and the other half in 
Canada. The American section of the powerhouse intake structure 
alone is the largest single feature of the project. This structure, to- 
gether with the Long Sault Dam and attached dikes, controls all of 
the channels of the river in the vicinity of Barnhart Island and cre- 
ates the pool for the development of power. The total installation of 
the combined American and Canadian sections of the plant has a 
capacity of 1,800,000 kw, developed by 32 generating units. 

The powerhouse intake structure actually serves as a concrete 
dam about 3,200 ft long, which spans the channel in a straight line 
at right angles to the direction of natural water flow. The deck of 
the intake structure will be 162 ft above the low point of the draft 
tubes. 

Flat rolling hatches in the deck above each generator will permit 
the removal of any part of the unit by an overhead, outdoor gantry 
crane, traversing the length of the powerhouse as needed for major 
repairs. The traveling crane will carry a housing of sufficient size to 
enclose the part during its removal from the unit and transportation 
to maintenance bays. This housing will be heated when in use during 
the winter season. The maintenance bays will be enclosed by super- 
structures of sufficient size to admit a gantry crane and its load. 

Intake gates are provided for each turbine and are operated by 
individual fixed hoists. Sectional steel stoplogs will operate in sepa- 
rate slots to provide for emergency closure of the intake openings. 
Traveling gantry cranes will be located on the intake for the handling 
of intake gates, stoplogs, trash-rack sections, and other miscellaneous 
requirements. 

The hydraulic turbines are of the vertical-shaft type with fixed- 
blade propeller runners. The turbines are designed to develop 
71,000 hp each under 81 ft of head at the gate opening offering the 
best efficiency. The ultimate operating head will vary from 77 ft to 
about 88 ft, and the maximum capacity of the turbine under full 
gate operation will be 88,000 hp. About 8,400 cfs of water will pass 
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through each turbine under normal conditions; the discharge will in- 
crease to nearly 10,000 cfs under extreme conditions. 

The directly connected generators are rated 57,000 kilowatts 
capacity and are capable of carrying a continuous overload of 15%, 
or more than 65,000 kilowatts. 

Power will be generated at 13,800 volts. Step-up power trans- 
formers will be located as near as convenient to the generators on a 
downstream platform above the draft tubes. A bank of three single- 
phase transformers will be connected to four generating units, thus 
requiring four banks of transformers in the American section of the 
power plant alone. 

On the American side, two banks of transformers will operate at 
230,000 volts on the high-tension side, and the two remaining banks 
will operate at 115,000 volts on the high-tension side. Cables will con- 
nect the transformer banks to the switchyard, located as near as con- 
venient to the south end of the powerhouse. The cable installation 
will be of the high-pressure, oil-filled pipe type. The generating equip- 
ment, transformer banks and switching equipment located within the 
American section of the power plant will be controlled from a central 
point near the south end of the powerhouse structure. 

The Canadian generating units and transformer banks will be 
of these same capacities, and any variations will be confined to volt- 
ages, switchyard arrangements and other details due to local operating 
needs on the Canadian transmission system. 


Earth Dikes 


The pool behind the Long Sault Dam and the powerhouse will 
rise to elevations higher than those of the surrounding areas of land 
and improvements in a number of locations. Earth embankments or 
dikes are being constructed to confine the pool at these locations. Al- 
together there will be about 14 miles of these dikes, having a maxi- 
mum height of about 40 ft and located both in the United States and in 
Canada. 

Embankment material is glacial till earth obtained from areas 
adjacent to the dike sites. The central portion of the dike sections 
has impervious cores, supported by similar material compacted to a 
lesser extent and containing stones and boulders. Sand-and-gravel and 
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also rock sections will be provided in the downstream toes of the 
embankment to facilitate drainage and insure stability. The upstream 
slopes are protected against wave action by heavy rock riprap, p!aced 
upon a filter blanket of sand and gravel. The downstream slopes will 
be seeded to grass where possible. 

The foundation material at the dike sites is largely glacial till 
with some areas of soft marine clay. The dikes rest upon glacial 
till foundation insofar as possible. 


River Channel Improvements 


Long sections of channel excavations are being carried out and 
will be of real value to navigation, conserve power head and facilitate 
operation of the power plant during the winter, by limiting the river 
velocities so that a solid sheet of ice may form over the forebay area, 
thus precluding ice jams in the pool. Both wet and dry excavation, 
as well as both earth and rock excavation, are required in three areas 

upstream from the Iroquois Dam, downstream from the Iroquois 
Dam, and below the Barnhart Island powerhouse. 

The unusual design calculations for the channel improvements 
have been supplemented to a major degree by extensive model tests, 
which have been carried out in the hydraulic laboratory of Ontario 
Hydro at Toronto, Canada. 


Other Features 


The remaining features consist primarily of relocations of fea- 
tures now located within the areas of the power pool. These con- 
sist of highways, railroads, portions of villages, individual homes, 
cemeteries, and other items. 

A new power intake is being provided, to permit the operation 
of a low-head power plant until the Barnhart Island power plant is 
ready for operation. 


CONSTRUCTION SCHEDULE 
The actual construction work on the project commenced in the 
summer of 1954, and several of the generating units are expected to 
be in operation by the fall of 1958, with all of the units in operation 
by the end of 1959. In order to accomplish this, nearly all of the con- 
struction work must be completed in 1958, in order to raise the water 
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level upstream from the powerhouse prior to the scheduled operation 
of the plant. Schedules were carefully worked out in detail, from the 
acquisition of land to permit construction to start, to the final com- 
pletion of the construction of the project. 

In order to proceed promptly with the work, numerous small 
construction contracts were awarded in 1954 without waiting for con- 
tract plans and specifications for the large major features. These con- 
tracts include a first-stage cofferdam for the Long Sault spillway dam, 
complete cofferdams for the Barnhart Island power plant, a pontoon 
one-season bridge to Barnhart Island, a permanent bridge also to 
Barnhart Island, access roads and railroads, administration buildings, 
construction power lines, and other items. 

Construction contracts for the large major features of the project 
were awarded last spring. There are separate large contracts for the 
American and Canadian sections of the power plant, and other large 
contracts are for the construction of the Long Sault Dam, for the Iro- 
quois Dam, and for several sections of river-channel dredging. Numer- 
ous other features are contracted for separately, such as earth dikes, 
highway relocations, rehabilitation, and other miscellaneous work. 


Large items of permanent equipment are contracted for separate- 
ly. These include hydraulic turbines, generators, transformers, cranes, 
and other items. These contracts were awarded last spring. Minor 
items of permanent equipment are being furnished by the various 
construction contractors involved. 


Project CONSTRUCTION 

Uhl, Hall & Rich has a large field organization to carry out the 
necessary field investigations, furnish construction management for the 
numerous contracts, and carry out initial operation of the plant. This 
organization is supplemented by service contracts with surveying and 
drilling companies and services furnished by several New York State 
departments for special reasons. 

In addition to the usual needs, noted primarily for the size of the 
undertaking, a major coordination service is required. This relates to 
corresponding activity on the part of Ontario Hydro, the nearby 
American seaway operations, the Canadian Department of Transport, 
which is now operating the present 14-foot navigation channel to a 
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lesser extent, and also to the authorized agencies of the United States 
and Canadian governments. 

New access roads and a railroad extension were required for the 
construction of the larger features of the project. The principal access 
road to Barnhart Island intersects the line of the United States sec- 
tion of the seaway and will eventually underpass the seaway. A 
parallel access road will eventually be abandoned before the seaway 
is put into operation. A pontoon bridge from the south shore of the 
river to Barnhart Island gave access last year, prior to the completion 
of a permanent bridge. This permanent bridge now provides access 
to Barnhart Island for the remainder of the construction period and 
thereafter. 

During the construction period all of the flow of the river is di- 
verted from the north side of Barnhart Island, through the Long 
Sault Dam site south of Barnhart Island. This permits the cofferdam 
for the powerhouse and its intake to be constructed at one time, thus 
permitting the construction work in this area to be carried on con- 
tinuously until completion. 

The Long Sault Dam is being constructed in two stages. The 
first section of the dam will be located inside of a cofferdam, which 
extends out from the American shore to about the middle of the river. 
As the work inside of this cofferdam nears completion, a second coffer- 
dam will be constructed, extending from near the middle of the river 
to Barnhart Island. Upon removal of the first-stage cofferdam, the 
river will flow entirely through openings left in the first section of 
the dam. Large excavations are required on the island upstream from 
the dam, to divert water during the first cofferdam stage, and other 
large excavations are required for use during the second stage of the 
construction. 

Iroquois Dam is being constructed in the same manner as the 
Long Sault Dam, and there will be two stages of cofferdam. In this 
case, the first section of the permanent dam will be largely construct- 
ed outside of the present river channel and thus require only a minor 
structure for the first-stage cofferdam. 

The control of the river must be carried out during all coffer- 
dam stages and the raising of the pool without detrimental effect to 
the elevation of Lake Ontario upstream from the project and without 
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detrimental effect to the elevation of Montreal Harbor downstream 
from the project. The disposal of the large quantity of material ex- 
cavated from the channel is an important problem. The river chan- 
nel and seaway excavations are closely related to the earth-embank- 
ment work on the dikes, especially as much excavated material can 
be used in embankments when the hauling distances are reasonable. 

The international boundary intersects the center of the power- 
house and also intersects the Iroquois Dam and numerous sections 
of the channel excavation lying on both sides of the boundary. The 
location of the international boundary has a definite effect on the con- 
struction of the project in many respects. The physical work is 
divided as equally as possible between the Power Authority of the 
State of New York and the Hydro-Electric Power Commission of 
Ontario. 

The field organization of Uhl, Hall & Rich operates from an 
administrative area near the American shore of the river and the 
permanent access bridge to Barnhart Island. Ontario Hydro oper- 
ates from an area north of the Canadian shore and the power plant. 
Both groups have a number of sub-offices located at important points 
in the area from Iroquois Dam to the power plant. 
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The pumping of water from underground supplies has long been 
the only reliable source in many areas of the world. Equipment for 
pumping this water to the surface has continued to improve as pump- 
ing requirements have increased. The deep-well turbine pump in the 
past has very satisfactorily met the needs for agriculture, industry 
and municipal usage, and to a very large extent is responsible for our 
continued growth and resulting high standard of living. 

The continued expansion and need for more water in agriculture 
and industry, and for municipal use, in many cases, is beginning to 
impose pumping conditions that are not compatible with present deep- 
well turbine pump construction, mainly due to lineshaft limitations. 
Let us all compare the ease and convenience of transmitting elec- 
trical power versus the limitations and inconvenience of transmitting 
mechanical power. The deep-well lineshaft turbine pump with an 
electric drive converts electrical power to mechanical power at the 
surface. It is then necessary awkwardly to transmit this mechanical 
power through the lineshaft to the pumping element, in order to ac- 
complish the desirable conversion to hydraulic power. It is readily 
realized that the most vulnerable link in this extended system is the 
lineshafting. Pumping from great depths is impossible, due to the 
lineshaft’s being too small in diameter to transmit properly the added 
torque requirement, or due to limiting conditions on the driver result- 
ing from the shaft weight or from physical distortion of the line- 
shaft and its resulting effect on the pump element. 

The submersible motor removes this depth obstacle to pumping 
equipment and makes new sources of water available for our future 
progress and expansion. The submersible motor converts electrical 
power to mechanical power under water, and the primary problem is 
to protect the electrical components while simultaneously providing 
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suitable motor bearings. Due to the importance of the seal, let me 
briefly discuss the major requirements for a satisfactory operation. 

A satisfactory seal to separate two fluids is rather easily obtained 
when the two parts have no relative motion. The parts may be fabri- 
cated together, or compression-type seals such as O-rings can be used 
successfully for extremely high differential pressures. The sealing 
of two fluids through parts having relative motion, such as a mechani- 
cal rotary-type seal, requires lubrication and cooling of the contact 
surfaces, if dependable and extended seal life is to be expected. This, 
in general, requires the passage or circulation of one of the two 
fluids between the contact surfaces. Present-day mechanical seals are 
capable of achieving the necessary lubrication and cooling with a very 
small quantity of fluid passage. It should also be recognized that 
the nature of some submersible motor constructions, by necessity, 
limits fluid passage to one direction. 

There are three successful submersible-motor approaches on the 
United States market at the present time. The basic motor-sealing 
arrangement often alters the application methods and must be de- 
scribed in order better to appreciate the proper application and limi- 
tations of each type of submersible unit. By classification, these 
motor constructions are (1) the oil-filled motor, (2) the wet-stator 
motor and (3) the dry-stator motor. 

(1) The Oil-Filled Motor. In the manufacture of the oil-filled 
motor, use is made of conventional varnish or enamel types of insu- 
lated wire and conventional slot insulation. The basic stator in- 
sulation is then achieved by filling the motor with oil, which acts 
as an insulation, cooling medium and motor-bearing lubricant. The 
sealing problem of keeping oil in the motor and water out, in gen- 
eral, is accomplished by a mechanical seal, meeting the general re- 
quirements previously discussed. It is immediately recognized that 
proper sealing of the motor is dependent upon an oil reservoir, in con- 
junction with a positive means of insuring flow of oil through the 
seal. This is accomplished by providing an internal fluid pressure 
greater than the well pressure. The resultant motor life is dependent 
upon the differential pressure and its effect on seal leakage in con- 
junction with the size of the oil reservoir. These requisites are ac- 
complished in various ways. 
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One notable variation of the oil-filled motor incorporates a mer- 
cury seal in conjunction with a balance chamber, which minimizes 
the differential pressure between the motor-insulating oil and the well 
water. This arrangement also meets the seal requirements previously 
outlined, but it is limited with regard to operating speed and detri- 
mental effects from well contamination. The leads of the oil-filled 
motor may extend from the stator through a static-type seal, or the 
necessary cable connection can be made at the motor by use of the 
internal motor oil as a potting compound. 

(2) The Wet-Stator Motor. The wet-stator motor is wound 
with a water-resistant insulated wire and thus obtains its primary 
sealing or protective action in a most effective manner. It is readily 
seen that the motor windings are basically as dependable as the 
power cable or leads are for any submersible motor. The leads are 
continuous with the winding and are extended through the stator by 
means of a compression-type seal. The motor is initially filled with 
clean water, to provide bearing lubrication and to act as a cooling 
medium for the removal of heat from the windings. This cooling ac- 
tion can be made positive by means of an internal pump and circula- 
tion system, which is a very desirable feature not readily possible 
with the other submersible-motor approaches. 

In general, a mechanical seal, similar to that incorporated for 
oil-filled motors, and a pressure-balance diaphragm are used. The pur- 
pose of this additional sealing arrangement is further to protect the 
motor from abrasives or well-water contamination. A variation to the 
seal is a filter arrangement which, of course, has reduced the effective- 
ness against contamination and abrasives. 

(3) The Dry-Stator Motor. The dry-stator motor is in effect a 
combination of the two previous designs. The stator is wound with 
methods and materials similar to those used for the oil-filled motor. 
The stator is statically sealed by an extremely thin liner, by fabri- 
cation methods:or compression-type seals at the stator ends. The 
leads may extend through another static compression-type seal or 
may incorporate a compression-type disconnect arrangement at the 
motor. 

It should be recognized that the leads seal is vital in this 
type of construction. The sealed stator is usually filled with a plas- 
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tic, fluid or other compound, to aid the dissipation of heat from the 
windings. The motors may be oil- or water-lubricated and_ will 
usually incorporate a filter or a seal of the Klozure or mechanical 
type, in conjunction with a pressure-balance arrangement as discussed 
for the Wet-Stator Motor, again to protect against well contaminants. 
When oil is used, this seal will probably be of the more elaborate 
mechanical type. 

All three types of submersible motors will generally incorporate 
sleeve-type radial bearings and tilting pad-type thrust bearings, and 
are at present limited to squirrel-cage induction-type motors. They 
all will be very similar with respect to electrical performance and will 
usually include a service factor. It will be seen that each particular 
type of motor construction and features must be closely coordinated 
with the pumping-element requirements and limitations, in order to 
achieve maximum effectiveness as a submersible unit. 

Basically, the pumping element must first meet the head and 
capacity requirements of a given job. In meeting these hydraulic re- 
quirements, the power required by the pump must be less than the 
rated motor output over the expected operating range. This usually 
requires a pump having a non-overloading characteristic, and most 
deep-well turbine pumps have this characteristic. The pump hy- 
draulic thrust must be balanced within the pump or supported by the 
motor thrust bearing and usually requires coordinated design, to pro- 
vide the necessary thrust capacity. 

Semi-open impeller construction is favored by some manufac- 
turers, as it will in general produce more water for a given size of 
pump and total pumping head, but its most important advantages 
are in its ability to handle solids without “sand locking” during suc- 
cessive start-stop operations and in its ability to withstand wear 
better. This, of course, is a very desirable feature and assures against 
a possible, damaging locked-rotor condition, which can only be cured 
by pulling the unit. In withstanding wear, it maintains a constant 
loading condition on the motor in terms of power and thrust. How- 
ever, such construction does impose a higher thrust load on the motor 
and presents a slightly greater adjustment problem. 

Mechanically, the bowl assembly must be accurately aligned with 
the submersible motor, and must provide suitable strength to support 
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the weight of the motor and the hydraulic thrust of the pump, and to 
maintain the required alignment through all phases of installation 
and operation. Simultaneously, the suction intake must provide ade- 
quate water-passage area and a means for passing and protecting the 
leads past the bowl assembly. As a combination, these considerations 
pose a problem which can be greatly minimized through coordinated 
design of the motor and pump elements. 

In addition to these rather general pump requirements, a proper- 
ly coordinated pump and motor design will vastly improve the effec- 
tiveness of the basic motor or electrical seal under all conditions of 
operation, and especially under the more severe starting and stopping 
conditions. To be successful, the submersible pump must be consid- 
ered as a submersible unit and applied accordingly. 

Equally important is the link of electrical power transmission 
through the power cable to the submersible motor. The power sup- 
plier normally provides power to the load center or meter at rated volt- 
age. Between the meter and the motor will occur a voltage drop. How- 
ever, it is necessary that the submersible unit maintain suitable voltage 
at the motor for starting and running conditions, and the power-cable 
size must be conservatively selected in accordance with the particu- 
lar electrical design. In addition, the insulation must be water resist- 
ant and able to resist mechanical damage during installation or oper- 
ation. Damage to the power cable may result in damage to the motor. 

The head assembly must support the weight of the unit, the 
power cable and the column full of water. The exact discharge-pipe 
and power-cable connections can be easily engineered and fabricated 
for the surface requirements in a most appealing manner. 

Now that we have a better understanding of what a submersible 
unit incorporates, let us evaluate the application advantages: 

(1) Deep Settings. The primary purpose of a submersible 
unit is to remove the lineshaft limitations and to permit pumping at 
greater depths. In addition, the replacement of the mechanical power 
transmission, linked with more efficient electrical power transmission, 
results in a higher over-all pumping operation, even though normal 
dimensional limitations on a submersible motor reduce to a small 
degree the efficiency of the conversion of electrical to mechanical 
power. These are important advantages to deep-well pumping, and 
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the submersible pump now shifts the limiting pumping depths for 
water to the size of wells and well productivity. 

(2) Crooked Wells. The submersible pumping unit makes it 
possible to pump from wells which in the past have not been used 
or, if used, have been pumped at restricted flow rates. Here again, 
the submersible unit’s success is mainly due to the elimination of the 
power-transmitting lineshaft. The size of a unit that can be placed 
in a given well depends upon the degree of crookedness. Where wells 
are reasonably straight, the pumping capacity is limited by the fact 
that the water must pass over either the bow] or motor element in 
order to enter the pump. Pumps and motor elements are generally 
sized on a nominal basis, to permit satisfactory water passage by the 
respective element and with due consideration to normal yields from 
a given well size. That is, a nominal 10” pump or motor element will 
actually be 914” maximum O.D., which will permit water passage 
up to 600 to 800 gal per min in a satisfactory manner. Allowance 
for passage of the power cable may complicate the usage of some 
units in a particular well, but this is not the usual case. 

(3) Usage of Full Motor Output. By elimination of the line- 
shaft, the submersible applies the full motor output to pumping action 
and thus produces a greater capacity or head for a given motor rating. 
This difference can be of major magnitude for deep settings, or where 
units involving smaller power ratings are concerned, as the lineshaft 
loss in such cases may be a high percentage of the motor output. In 
other words, we still have a power transmission-line loss, but this loss 
occurs prior to the motor conversion of power and does not affect the 
motor output. This loss must be considered when evaluating over-all 
performance in terms of efficiency, but results in a more useful power 
for pumping action and in greater hydraulic output for a given motor 
rating. 

(4) Ease of Installation. The elimination of the lineshaft has 
results reaching farther than its direct absence for installation pur- 
poses. It eliminates the need for manufacturing and handling exacting 
lengths of respective column, tube and shaft, required to provide 
proper lineshaft-bearing spacing, and permits the use of longer, easier- 
to-handle column sections. In place of the shafting, and perhaps en- 
closing tubes, is only the need for securing the power cable to the 
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column for support purposes. In general, the average submersible 
installation will require about one-third the amount of time required 
for a lineshaft turbine. 

(5) Surface Appearance and Lack of Noise. The possibility of 
concealing the surface equipment in an underground pit or in an 
extremely orderly manner above ground, plus its noiseless operation, 
makes the submersible unit very attractive to the municipalities. It 
permits integration of their water-distribution system into residential 
areas with very little expense and few complaints of noise. These 
units may be either shallow setting, direct booster stations or primary 
water pumps in very deep wells. 

(6) Maintenance Reduction. The elimination of lineshafting 
and the accompanying packing-box seal or lubrication reservoirs 
makes the submersible unit highly desirable for automatic system 
operation. Further, it reduces the need for maintenance personnel to 
replenish such oil reservoirs, surface packing or other surface seals 
periodically. The elimination of the surface seal is very attractive 
to the industrial user. 

The starting and control methods are important to all applica- 
tions. As may be expected, the starter and control means are basically 
simple and will vary with the type of motor and complexity of the 
operation. Some submersible-unit manufacturers furnish component 
controls, in order to incorporate necessary alarm systems for the 
motor-oil level or other features important to their motor. Other- 
wise, starter controls incorporating overload and locked-rotor protec- 
tion are generally satisfactory. Magnetic starters, as generally applied 
for squirrel-cage induction motors of a similar rating, which incor- 
porate three-leg overload protection with circuit breakers or heaters 
of the ambient compensated type, are preferred and strongly recom- 
mended. Reliable lightning protection should always be provided and, 
due to the excellent ground surrounding the submersible motor ele- 
ment, the ground connection, preferably, should be made to the sus- 
pension column. Special controls should be added as conditions war- 
rant. Such controls may include low-water-level cutoffs to prevent 
damage from the pump’s breaking suction, time-delay relays to pre- 


vent cycling damage to the unit, and pressure or other control 
switches. 
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I believe that the submersible unit possesses at least one appli- 
cation feature that will eliminate some of your pumping problems and 
will undoubtedly reduce your operating costs. The present high quali- 
ty of submersible units on the market today makes it worthwhile to 
consider some of the advantages of a submersible application and its 
potential improvements to your pumping operations. In this respect, 
I wish to offer the services of Fairbanks, Morse & Co. to help you 
fully evaluate your prospective submersible applications. 
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The field of supervisory control is an extremely wide one, and 
one which is not unfamiliar to water-works people. In this discus- 
sion we shall deal with a particular aspect of supervisory control: 
namely, remote control and supervision. We shall describe methods 
and operation of remote control systems and discuss language and 
terminology which is probably somewhat unfamiliar to many of you. 
Many of the terms used in the field of remote control come from the 
communications industry, as remote control involves transmission of 
data and therefore is a form of communication. 

One generally accepted definition of remote supervisory control 
is “the control or supervision of a process or operation from a dis- 
tance, using a minimum number of channels’. In your industry, this 
generally means remote operation of pumps or valves with supervision 
of water levels, pressures, or flows. By “remote” we mean a distance 
of anywhere from a few miles up to many miles. Telemetering, the 
remote recording or indicating of a variable, is very much a part of 
remote supervisory control. Through one form or another of tele- 
metering, most remote supervision is accomplished. For instance, an 
operator may push a button or throw a switch to control a pump, 
but in order for him to know the effect of the pump on his system, a 
telemetered record or indication is required. 

Remote supervisory control systems can be separated into ter- 
minal equipment and transmission equipment. It is rather difficult to 
differentiate between the transmitting and receiving ends of a system, 
as usually the control and supervisory data or signals are transmitted 
in opposite directions, with the result that each end of the system 
is both a transmitting and receiving terminal. 

As terminal equipment in a typical system, there would be switch- 
es to control valve or pump operation; signal lights to indicate that 
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a particular function was ‘called for” and to “report back” that the 
operation was performed; telemeter transmitters and associated meas- 
uring equipment; telemeter receivers to indicate or record important 
variables; and power supplies, filters, and multiplexing equipment, to 
separate signals and apply them to the transmission circuit in a logi- 
cal arrangement. 

The simplest type of remote control would be a switch at one end 
of the system which would put power on or off a transmission cir- 
cuit to start or stop a pump, or open or close a valve, at the other 
end of the system. In this operation, a 60-cycle a-c or a d-c signal 
could be used simply by connecting the power supply through the 
switch. The choice between a-c and d-c signals would probably de- 
pend upon the type of channel used for transmission. If leased wires 
are used, lower rates apply for d-c transmission circuits. Also, when 
d-c transmission is used, there is less chance for interference due to 
pickup, which is usually 60-cycle a-c. In addition, circuit characteris- 
tics, such as inductance or capacitance, have much less effect on d-c 
than on a-c signals. These reasons usually result in the selection of 
d-c transmission, even though a separate power supply is required. 

If two signals are to be transmitted over a single pair of wires, 
it is feasible and economical to use d-c for one and 60-cycle a-c for 
the other. Simple filters at each end of the system separate the sig- 
nals so that they can be transmitted simultaneously. The use of a-c 
and d-c over a pair of wires is a form of multiplexing, a term encoun- 
tered more and more frequently in telemetering and remote control. 
Multiplexing simply means transmitting more than one signal over a 
single channel. In the past, remote supervisory systems have been 
relatively simple, and when more than one signal was required, the 
usual practice was to use a pair of wires for each, or to use polarized 
d-c or two wires and ground for the most economical operation. Now, 
however, systems are becoming more complex. It is not unusual for a 
system to require a dozen or more signals in either direction. Some 
of these data must be continuous, while other data may be on a selec- 
tive basis. Obviously, it becomes impractical, and many times impos- 
sible, to obtain sufficient wire pairs for each signal, or even for each 
pair of signals. The answer is to multiplex the signals in one of sev- 
eral ways. There are two general types of multiplexing: time multi- 
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plexing, in which the signals are transmitted sequentially over a period 
of time; and frequency multiplexing, in which signals are transmit- 
ted as audio-tones simultaneously. 

The first method involves bringing all signals through a sequenc- 
ing switch at the transmitting end, which switches the signals one at 
a time onto the common transmission channel. A similar switch at the 
receiving end switches receiving equipment in synchronism with the 
transmitting units. This system is used in some telemetering appli- 
cations, where all signals can be brought into a common switch point, 
and where the time lag is not important. An advantage of this type 
of multiplexing is that a d-c signal can be used, permitting use of low- 
cost telephone facilities. This advantage is overweighed by the lack 
of flexibility often required in an extensive water-distribution system, 
where it. would be impossible to have a common switching location. 
Also, signals transmitted by automatic systems have to be transmit- 
ted in the same direction, and this fact makes the system rather im- 
practical for supervisory control. To transmit in the opposite direc- 
tion, it is necessary to interrupt the automatic sequence. 

The second method, frequency multiplexing, is much more flexi- 
ble. In this system, audio-tone generators are keyed by telemeter trans- 
mitters or by control functions. Each signal is transmitted as a differ- 
ent tone. All tones between approximately 300 and 3,000 cycles per 
second can be transmitted over a voice channel leased from the phone 
company, or over a pair of private wires. As the usual spacing of the 
tones is about 100 to 125 cps, about 20 signals can be transmitted 
simultaneously. At the receiving end, selective receivers select only 
a particular frequency and pass that signal to the telemeter receiver 
or controlling mechanism. The frequency multiplexing system is ex- 
tremely flexible, as transmitters and receivers can be placed at either 
end of a system for transmission in either direction. If the system is 
extensive enough or complicated enough so that channel space is 
crowded, tones can be combined or coded to increase the number of 
signals over the same channel. Voice transmission can be used on the 
same channel by using either the upper or the lower end of the chan- 
nel for signaling and leaving sufficient band width for voice. 

Telephone voice-transmission circuits are designed to transmit 
audio frequencies. These tone signals will pass through standard cir- 
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cuits, which include repeaters and switchboard devices. This means 
that the tones will be transmitted in the same manner as a regular 
voice signal and will be amplified, to permit transmission over practi- 
cally unlimited distances. 

Some supervisory control systems use coded d-c or a-c pulses as 
control signals. These systems involve a great number of relays and 
do not permit telemetering. The type of supervisory control required 
by the water-works industry will generally involve telemetering plus 
control. The frequency-multiplexing system will undoubtedly prove to 
be best for many of these applications. 

A typical, remote, supervisory control system can thus be visual- 
ized as a group of telemeter transmitters and receivers. Even the 
most complex system merely means adding more of the same type 
of equipment. We should, perhaps, discuss this equipment in some 
detail. One of the simplest types of telemetering is the impulse-dura- 
tion type. In this variety, impulses are transmitted whose length or 
duration is proportional to the measurement. Figure 1 illustrates a 
typical impulse-duration transmitter. The measuring element, in this 
case a pressure element, positions a cam contactor in relation to a 
constantly rotating cam. Whenever the contactor is away from the 
cam, a switch is closed and a signal or pulse is transmitted. As the 
measurement increases, the pulse length increases. Any standard type 
of measuring element can be used to position the contactor. 

Because the transmitter consists essentially of opening and clos- 
ing contacts, any type of signal (d-c, a-c, audio tone) can be trans- 
mitted. Also, any type of channel can be used for impulse-duration 
transmission. Changing circuit characteristics have little effect on 
this system, because the duration of the impulse rather than the mag- 
nitude is used. 

Figure 2 illustrates a typical impulse-duration recording receiver. 
In this unit, a cam switch similar to that used in the transmitter gen- 
erates an impulse, whose duration is proportional to pen position. We 
then have two signals present in the simple receiver relay circuit. One 
signal is proportional to the measurement, while the other is propor- 
tional to receiver pen position. If there is any difference, or error 
signal, a motor is energized, which drives the pen to a position cor- 
responding to the measurement, and the error signal is reduced to 
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zero. The system is fundamentally a very simple servomechanism or 
feedback mechanism, similar in principle to most precise control sys- 
tems in use today. 

The telemetering equipment is available in a number of modifica- 
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tions. Single and dual indicating or recording transmitters and re- 
ceivers are standard equipment. Recently, the receiver has been made 
available as a 6-record recorder, which will receive inputs from 6 
separate transmitters or audio-tone receivers and record each meas- 
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urement in a distinctive color on a single chart. Contacts can be 
added for automatic alarm or control in transmitter or receiver. To- 
talizing counters can be incorporated anywhere in the system. 

An audio-tone unit, used in frequency multiplexing, is illustrated 
in Figure 3. The equipment contains a stable frequency generator and 
amplifier in the transmitter, and an extremely selective tuned circuit, 
amplifier, and output stage in the receiver. The equipment is fur- 
nished by a number of reliable manufacturers of communications 
equipment, such as Motorola, Westinghouse, Hammarlund, Lenkurt, 
and a number of others. It is furnished for rack or cabinet mounting. 
Every effort has been made to provide reliable electronic circuitry 
in this equipment, and it is used extensively as a transmission tech- 
nique in such applications as air-to-ground and mobile communica- 
tion. 

Other terminal equipment in a remote-supervision control sys- 
tem will consist of a combination of familiar units: switches, signal 
lights, relays, and valve or pump operators. Each application requires 
a different combination of these units for optimum operation and per- 
formance, 

Most of the transmission in this industry will probably be ac- 
complished over leased or private wires. While microwave and radio 
are excellent methods of transmission, the economics involved usually 
do not justify the expense of this equipment. The choice then usually 
lies in the type of wire line or circuit for any particular application. 
For one or two signals, a continuous pair of wires or one wire and a 
ground are usually suitable. For a greater number of signals, addi- 
tional wire pairs are necessary, or a voice channel may be used. While 
telephone-company rates vary from one locality to another, average 
rates are somewhat as follows: For a d-c pair, the cost from one ex- 
change to another is $.75 per mile per month. A pair of wires for a-c 
transmission will run about $1.50 per mile per month, while a voice 
channel can be leased for about $3.00 per mile per month. The re- 
quirements of each application will determine which circuit should 
be used. Future expansion should always be considered. If a d-c cir- 
cuit or circuits are chosen, additional signals will require additional 
circuits as well as terminal equipment. If a voice channel is used, sig- 
nals can be added simply by providing additional terminal equipment. 
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Complete systems are now available for any supervisory control 
problem. These are not packaged systems, but are tailor-made for 
the particular application by combining equipment of the type de- 
scribed to provide effective and economical remote control and super- 
vision. 

The term “supervisory control system” infers the presence of an 
operator to carry out certain functions. If we now eliminate in our 
thinking the necessity that the operator be present at the equipment 
in order to control it, we have arrived at supervisory control systems 
as presently used. In the case of supervisory control systems utiliz- 
ing telemetering for measurement and remote control, we are adding 
one more factor not included in the usual local installation—namely, 
distance. 

Through the use of supervisory control systems we can now oper- 
ate pumping stations, valves, etc., at great distances from their actual 
location. In addition, we are provided with acknowledgment of their 
operation and the effect of their operation, such as flow, pressure, 
level, etc. Since there are two basic functions necessary to a super- 
visory control system—namely, observation of a measurement and re- 
sponse to that measurement in terms of pump operation, valve oper- 
ation, etc.-there are two basic supervisory control circuits (Fig. 4). 

The first of these, measurement transmission, is familiar to all 
of you and is used in common telemeter installations which many of 
you have. In order to make this supervisory in nature, it is necessary 
to add a means of remotely operating valves and pumps and receiving 
an acknowledgment of their operation. The second circuit illustrates 
this, showing a switch and pilot light attached to a transmitter. Clos- 
ing of the switch actuates the pilot light, to indicate that you desire 
the pump or valve to operate and, at the same time, completes a cir- 
cuit to a receiver at the pump or valve. The receiver actuates a motor 
starter or other auxiliary equipment, and the operation of the pump 
or valve closes an indicating switch. This actuates a transmitter, 
which sends an acknowledging signal to the receiver and illuminates a 
pilot light at the control end of the system. Therefore, in actual op- 
eration, closing the switch illuminates the pilot light, indicating that 
the operation is called for, and actual operation of the equipment is 
indicated by illumination of a second pilot light. 
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It is obviously economically impractical to lease telephone pairs 
for each operation you wish to perform. Therefore, the transmission 
links are reduced to a minimum through the use of audio-tone trans- 
mitters, polarized relays, a-c - d-c signals, and other systems for trans- 
mitting simultaneous signals over the same transmission link. We 
should also mention at this point mechanical multiplexing which, in 
essence, performs the same function, except that the transmission is 
not simultaneous. 

Through combinations of these two basic circuits, all supervisory 
control systems are built. They can be likened to building blocks. If 
we can keep this in mind, a good deal of the mystery behind this 
type of operation is removed. 

As an illustration of a typical supervisory control system in a 
small city, let us take the case of a supervisory control system for 
the city of Hoisington, Kan. (Fig. 5). There are three wells discharg- 
ing to a line which is the intake to a booster station. The booster sta- 
tion, in turn, discharges to the water treatment plant which, in turn, 
pumps the water via a high-lift pumping station to the system and an 
elevated tank. It is desired to control each of the wells and the 
booster station remotely from the water treatment plant and, at the 
same time, to operate the high-lift pump in response to the reservoir 
level. In this case, a basic control circuit of the type illustrated in 
Figure 4 is provided for each of the wells and the booster station, 
there being a transmitter and receiver at each well and at the booster 
station, and a similar transmitter and receiver for each well and the 
booster station at the main control panel. A switch and two pilots 
(namely, the called-for light and the acknowledgment light) are sup- 
plied for the wells and the booster station. It is, therefore, possible 
to start or stop the pumps on any part of the wells or the booster sta- 
tion from the water treatment plant. In addition, interlocks are pro- 
vided, so that the booster station cannot run unless at least one of 
the wells is operating, and the well pumps cannot operate unless the 
booster station is operating. The reservoir level is automatically con- 
trolled by the reservoir-level recorder. Through selector switches the 
high-lift pumps then can also be operated manually. In addition, a 
clear-well level recorder-indicator-controller prevents the high-lift 
pumps from being operated in the event the clear-well level is low. 
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Analyzing this system part by part, you will see that control of 
the wells and the booster station requires four remote-operation cir- 
cuits. Measurement of reservoir level is a single-measurement trans- 
mission circuit; clear-well level cut-offs and high-lift pumping station 
control are local circuits. You will observe that there is only one tele- 
phone pair running from the water treatment plant to the booster sta- 
tion and wells. This single channel carries eight circuits. This sys- 
tem differs from running the power supply directly to each of these 
locations from the water treatment plant only in that all signals are 
being carried over the same transmission link simultaneously. The 
reservoir level, coming from a direction different from the wells and 
booster station, travels over its own transmission link. If the physical 
arrangement had been different, all of these signals could have trav- 
eled over the same transmission link (Figures 6, 7 and 8). 

The previously described installation concerned the use of audio- 
tone transmission. In an installation requiring a fewer number of sig- 
nals, it is possible to use polarized relays or a-c - d-c signals. As an 
example of the latter, we shall use the supervisory measurement sys- 
tem for the Canal Pumping Station at the Salem-Beverly Water Sup- 
ply Board (Fig. 9). In this case, it is desired to measure the flow 
through the Canal Pumping Station from the Ipswich River to the 
Putnamville Reservoir. When under gravity-flow conditions, it is de- 
sired to measure the flow from Putnamville Reservoir to Wenham 
Lake. Therefore, an instrument was provided which could measure 
the flow in both directions. An auxiliary contact on the pump actu- 
ated a four-way solenoid valve, to reverse the pressure leads from the 
primary device to the telemeter transmitter, thereby permitting the 
telemeter transmitter always to read upscale. In addition to this, it 
completed a circuit to the pumping station, which actuated an oper- 
ation pen on the recorder. The same signal actuated a relay, select- 
ing the proper totalizing counter so as to totalize the flow in opposite 
directions on separate counters. The measurement transmission was 
by d-c signal and the operation-indication transmission by a-c signal. 
Through the use of power packs and filters, the operation-indication 
part of the system was separated from the measurement part of the 
system with both traveling over the same transmission link simultane- 
ously. 
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ConTROL CABINET FOR Service AND Fietp WeLL Pump ror City o1 
Holsincton, Kan.—Rear INTERIOR View (The Foxboro Co.). 


126 
: 
ie 
: 
| | 
q H 
3 = 
d 
‘ 
a 
4 


R. H. BABCOCK AND R. E. BURRELL 


KAN 


SINGTON 


Ho! 


4 


AUDIO-TONE 


7 
127 
or 
* 
j if j 
= : 
4 


> 
n 
=~ 
= 
Z 
- 
= 
= 
= 


“6 


GFIOOGS 


“SSVW ‘ATH3A3E HLYON 
QYVO8 AlddNS Y3LVM AIY3A38 ONV W31VS 


NOILVLS ONIdWAd TIWNV9 
LNSW3AYNSVSW AYOSIAYSdNS 


40 
WVYSVIC SILVW3SHOS 


NOILVLS 


ONIdWNd 
‘Ov~09 HLIM 


3914140 


YSLLINSNVYL 


90 


Y3MOd 


Y3ZINWLOL 


/ QNOO93S 


N3d NOlivy3d0 

HLIM 
YOLVSIGNI 
Y3L3W3 


GFIOO6S 


128 
ax 
aoa 
a 
| 
| ga \ 
Ow 
Le 
oO 
| so 
| ge 
L_ >a 
= 9 
<> 
oO 


R. H. BABCOCK AND R. E. BURRELL 129 


A more elementary but very useful type of supervisory control 
involves the use of power packs and filters. Through the application 
of these devices it is possible to perform such operations as reservoir 
high-level alarm or pump shutdown on high level, remote operation of 
single pumps, or remote indication of equipment failure. These sys- 
tems do not entail remote measurement and, therefore, a principal 
source of cost is eliminated. The equipment is available from a num- 
ber of manufacturers and in some areas can be leased from the tele- 
phone company. It has the advantages of being inexpensive and re- 
liable. Its application is, however, limited to single elementary oper- 
ations. 

In general, supervisory control systems of the type that have 
been under discussion lend themselves best to distribution systems. 
For that reason, they should be of interest to us here in New England. 
Most of us are concerned with distribution systems, and a relatively 
small percentage with complex treatment. The advent of such equip- 
ment as audio-tone, transmitters and receivers and other systems 
permitting continuous, simultaneous signals over the same transmis- 
sion link now makes supervisory control a practical addition to any 
water treatment and distribution system. Equipment of this type has 
been in use for many years for supervisory control of pumping stations 
on oil- and gas-transmission lines. Its benefits are more efficient oper- 
ation, through continuous supervision of installations by properly 
trained personnel. 
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CURRENT SPECIFICATIONS FOR CAST IRON PIPE 
AND HOW TO ORDER TO SPECIFICATIONS 
BY THOMAS F. WOLFE* 


[Read September 19, 1956.) 


It seems particularly appropriate te present a paper on Cast Iron 
Pipe Specifications before the New England Water Works Associa- 
tion. The first standard specification developed for cast iron pipe was 
adopted by this association 54 years ago—in 1902. Two years later 
the American Society for Testing Materials published its Specifica- 
tion for Cast Iron Pipe, and in 1908 the American Water Works Asso- 
ciation adopted a standard specification for cast iron pipe and fittings. 
All of these earlier specifications were somewhat similar as to design 
formula and covered only pit-cast pipe and fittings. 

Following development of the centrifugal casting processes in the 
early 1920’s, a manufacturer’s specification was used until a Federal 
Specification, which included centrifugally cast pipe, as well as pit- 
cast pipe, was adopted in 1931. This was the first major change in 
cast iron pipe specifications in more than 20 years. 

The formula used in the determination of thickness in the Fed- 
eral specification differed in form from the formulas previously used, 
but contained the same general elements. The design in all specifica- 
tions was based on internal pressure, plus an arbitrary allowance that 
was added to the thickness to take care of manufacturing require- 
ments, handling, and all indeterminate stresses. Pipe made in accord- 
ance with New England Water Works Association, American Water 
Works Association and Federal Specifications worked satisfactorily, 
even though the design formulas did not take into account trench 
loading, surface loads and impact. The arbitrary allowance, plus the 
factor of safety, seems to have been large enough for the conditions 
under which the pipe worked. 

In the course of time it became evident that while pipe made to 
the older specifications gave satisfactory service, the design procedure 
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was not consistent with modern engineering practice. Increased knowl- 
edge of metallurgy and the development of the centrifugal processes 
of casting had resulted in an increase in tensile strength from 11,000 
lb per sq in. in full-length bursting in the case of pit cast pipe, to 
upwards of 18,000 lb per sq in. bursting tensile strength in centrifu- 
gally cast pipe. 

In order to take advantage of the increased strength of cast iron 
as well as to apply engineering methods to the design of pipe, the 
American Standards Association Committee A21 was organized in 
1926. The New England Water Works Association was one of the 
sponsors of this Committee, along with the American Gas Associa- 
tion, American Society for Testing Materials and the American Water 
Works Association. The Committee was assigned the task of devel- 
oping new specifications for cast iron pipe, to include centrifugal cast- 
ing and the standardizing of various types of joints. This Committee 
was composed of pipe users, pipe producers, engineers and those hav- 
ing general interest in pipe matters. Thomas H. Wiggin, a member of 
the New England Water Works Association, has served as Chairman 
of the Committee ever since its inception. 

At all times the Committee was aware of the fact that in the 
preparation of a specification, they should have in mind the interests 
of the smaller users of pipe. For this reason, they felt that the speci- 
fication should be in such form that even the smallest buyers, who 
might not have inspection staffs, would be assured of getting the same 
quality of pipe as the larger users, who might either have their own 
inspection departments or retain outside inspection organizations. The 
interests of these users was protected by provisions in the specifica- 
tion to the effect that producing companies would be required to fur- 
nish sworn statements regarding the tests required in the specifications 
themselves. 

Before developing a new design formula, an extensive series of 
tests were undertaken by the Committee. Many of these tests were 
carried on at the University of Illinois, lowa State College and Ohio 
State University. In addition to the test work, a vast amount of in- 
formation and records of experience were gathered and studied. 

The new method represents a truly scientific basis of design. It 
includes not only water pressure and water hammer, but also earth 
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pressures and truck loads, which vary not only with the depth of 
cover but with the method of installation. The type of trench bottom 
used has a definite effect on external forces resulting from backfill 
and traffic loads. Tests were made that simulated various methods of 
laying pipe, and the bearing values so determined were related to three 
edge test results made in the laboratory. This relationship changes 
with various sizes of pipe and represents an important factor in de- 
termining wall thicknesses. 

Six types of trench bottoms were considered and evaluated, four 
of which are in common use for underground pipe installation (see 
Fig. 1). Flat-bottom trenches, with or without tamped backfill, are 
the most common methods of laying water pipe. Pipe supported on 
blocks is the poorest method of laying underground pipe, particularly 
if the backfill is not tamped. Shaping the bottom of the trench to fit 
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the pipe gives the greatest support to the pipe and is generally prac- 
ticed in sewer construction, and might be advantageous for water 
pipe in special cases. Tamping backfill up to the center line of the 
pipe is very desirable in all cases. 

The additional factors of design dealing with trench loads re- 
sulted in new class designations that were not related to pressure 
alone. For the most commonly used sizes, there is the same number 
of classes under the new specifications as previously existed under the 
older specifications. 

It was desirable that outside diameters that enter into jointing 
operations should conform to those in common use, and they were 
taken directly from the former AWWA Specifications. Whatever the 
outside diameter of a pipe now in service may be, if it is an AWWA 
standard, there is a similar outside diameter in the ASA specification. 

The ASA specifications covering cast iron pipe and fittings for 
water are as follows: 


A21.2 Pit Cast Pipe 

A21.6 Centrifugally Cast in 
Metal Molds 

A21.8 Centrifugally Cast in 
Sand Lined Molds 

A21.10 Short Body Fittings 
3 Inch to 12 Inch 

A21.11 Mechanical Joint 


There are four tables in each pipe specification. The first table 
gives dimensions of pipe, and bell-and-spigot joints. The second gives 
class thicknesses, diameters and weights without reference to pressures, 
depth of cover or trench conditions. The third table gives thicknesses 
for the standard trench condition; that is, a flat bottom trench with 
tamped backfill and with 5 ft of cover. Table four gives pipe thick- 
nesses for laying conditions other than standard and for depths of 
cover of 3'% and 8 ft, as well as the standard 5 ft of cover. 

This might sound confusing, but with a copy of the specifications 
before you, use of the ASA specifications is just as simple as was the 
case with the older ones. 

Suppose we follow the procedure required to use the specifica- 
tions. The first thing to determine is the working pressures. Next we 
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should determine the type of trench bottom to be used for installa- 
tion. Laying condition B (a flat bottom trench with tamped backfill) 
and 5 ft cover, represents the condition which is most commonly 
used and embraces a vast majority of pipe-laying jobs. Let us as- 
sume we desire to purchase 8-inch centrifugal pipe, for 150 psi 
pressure, for this laying condition. We would refer to table 6.3 or 
8.3 in the specification. You will note that the portion of the table 
shown uses the two numbers:—6.3 and 8.3. Table 6.3 appears in 
Specification A21.6, which relates to metal mold centrifugal pipe. 
Table 8.3 appears in Specification A21.8, which covers sand-lined mold 
centrifugal pipe. These tables are identical in respect to thicknesses, 
and either one may be used. The differences in the tables relate to 
variations in weight which are due to different laying lengths. 
Reference to this table would show a required thickness of 
0.41 in. for the conditions which have been determined. 


PoRTION OF TABLE 6.3—8.3 
STANDARD THICKNESSES OF 
PrpE CENTRIFUGALLY CAST 
Class 150—150-psi Pressure 
Outside 
Size Thickness diam. 
(in.) (in.) 
0.32 3.96 
4 0.35 4.80 


6 0.38 6.90 
8 0.41 9.05 
10 0.44 11.10 


0.48 13.20 


0.51 15.65 


16 0.54 17.80 
18 0.58 19.92 
20 0.62 22.06 


0.73 26.32 


Having determined the thickness of pipe required as 0.41 in., 
we refer to Table 6.2 or 8.2 and find that 8-inch pipe of this thick- 
ness is designated as class 22 pipe. This is the minimum thickness 
made in accordance with the specification. 


| 
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TABLE 6.2—8.2 
STANDARD THICKNESSES OF 
Pipe CENTRIFUGALLY CAST 


Nom. 


Outside Inside 
diam. Thickness Thickness diam 


diam 


(in.) (in.) (in.) 


class (in.) 


6 22 0.38 6.90 6.14 


23 0.41 6.90 6.08 
24 0.44 6.90 6.02 
0.48 6.90 5.94 


0.41 9.05 8.23 
23 0.44 9.05 8.17 
24 0.48 9.05 8.09 
25 0.52 9.05 8.01 


1.93 


0.56 


9.05 


If we should desire 8-in. pipe for 250 psi pressure, laying condi- 
tion A with 8 ft of cover, we would again refer to the tables, in this 
case Table 6.4 or 8.4, and find a thickness requirement for these con- 
ditions of 0.44 in., which is designated as class 23 pipe. 

The same tables also give actual diameters, weights and dimen- 
sions of pipe and bell-and-spigot joints. 

It will be evident from the table that this same thickness will 
meet the requirements of 8-inch pipe, up to and including 300 psi 
working pressure, for any method of laying except condition C (pipe 
laid on blocks, untamped backfill). In respect to 6-inch pipe, the 
minimum thickness meets the requirements for all pressures through 
350 psi, with 8 ft of cover, for any method of laying except condi- 
tion C (pipe supported on blocks, backfill not tamped). If your 
standard procedures provide for laying pipe in this way, you will 
require a greater thickness than for other laying conditions. 

It is to be borne in mind that use of the thicknesses shown in 
the specifications meets the minimum requirements of the various fac- 
tors of the design. At times, it is possible that several different laying 
conditions may take place on a single pipe-laying project. Even 
though a particular method of laying may be specified on contract 
work, continuous engineering inspection may not be provided, and 
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laying conditions might change. Department forces may lay pipe 
without being aware of the method of laying intended when deter- 
mining the design thickness. Additional depth of cover may be re- 
quired, due to changes of grade made to meet field conditions. As 
a result of this, some engineers feel it is desirable to design on the 
basis of a thickness which will be sufficient to meet the requirements 
of any reasonable method of laying which may occur on the job. 


TABLE 6.4——8.4 
STANDARD THICKNESSES OF 
PipE CENTRIFUGALLY CAST 


Working 8 ft of Cover 
pressure Laying condition 
(psi) ! B Cc 


Thickness—in. 

0.38 0.48 

0.38 0.48 

0.38 0.48 
38 0.38 0.52 38 
38 0.38 0.52 38 
38 0.38 0.52 38 
38 0.38 0.52 38 


0.41 0.41 0.52 0.41 
100 0.41 0.41 0.56 0.41 
150 0.41 0.41 0.56 0.41 
200 0.41 0.41 0.56 0.44 
250 0.44 0.41 0.56 0.44 
300 0.44 0.44 0.60 0.44 
350 0.48 0.44 0.60 0.48 


We find that some buyers prefer, for any one of a variety of 
reasons, to continue to use pipe of approximately the same thickness 
as they have previously used. This is very easy to accomplish. For 
example, if a user of Federal Specification pipe wanted to order pipe 
under the ASA specifications that would have a thickness approxi- 
mately the same as his present pipe, he could easily do so. 

In the case of class 150 Federal Specification pipe, he would sim- 
ply order class 22 in the 6” and 8” sizes, and class 23 in sizes from 


Size 
(in.) D 
6 50 ( 
100 ( 
150 ( 
200 ( 
250 ( 
300 ( 
350 0 
| 
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10” to 16”. In the case of class 250 Federal Specification pipe, he 
would order class 24 pipe for the 6” size, class 25 for 8”, 10” and 12”, 
and class 26 for 14” and 16”. The thickness of class 150 and class 250 
Federal Specification pipe and the ASA classes suggested are as 
shown here: 
ASA CLAss DESIGNATION 
TO COMPARE WITH WW-P-421 


Thickness ASA 
WW-P-421 ASA class 


class 150 thickness designation 


37 


BR 


& 


~ 


Thickness ASA 
WW-P-421 class 
class 250 thickness designation 


8 
14” 
16” 


There is a growing tendency on the part of many pipe buyers to 
use pipe with thickness slightly greater than that determined by spe- 
cific design factors. This serves to provide an additional factor of 
safety and is desirable where first cost is not the most important item 
to be considered. The costs of trenching, laying, making joints and 
backfilling remain the same, regardless of pipe thickness, so that only 
a small increase in overall cost will result, due to the slight additional 
cost of the pipe itself. 

American Standards Association Specification A21.11 covers a 
mechanical joint for use on cast iron pressure pipe and fittings made 
in accord with the ASA pipe specifications. The specifications cover 


| 
Size 
6” |_| 38 
8” 42 41 
10” 48 
12” 50 52 
14” 55 55 
16” 60 58 a 
6” 43 44 24 
50 52 25 
57 56 25 
62 60 25 
69 69 26 
ita 26 
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a joint only. Pipe thicknesses and classes are determined separately 
from the various pipe specifications. This joint has been steadily 
gaining popularity for the past 25 years and is now the most com- 
monly used joint on new construction. The joint as specified may 
be used with pipe, fittings, valves or hydrants. 

Since there is only one mechanical-joint outside diameter for each 
nominal diameter pipe, this should be borne in mind when connec- 
tions are made to old pipe. When the spigot to which a connection 
must be made is too large for the socket of a mechanical joint, an 
adapter may be used. This adapter has a fitting bell and a mechani- 
cal joint socket. If such a fitting is not available, a standard sleeve 
may be used to transpose from the existing larger spigot to the spigot 
end of the mechanical joint pipe. 

American Standards Association specifications A21.10 cover 
short-body fittings, 3-in. through 12 in. These fittings are rated at 
250 psi water pressure plus water hammer. They may be furnished 
with mechanical joints when so specified. The principal difference 
from the older fittings is in laying lengths. AWWA fittings in sizes 
4-in. through 60 in. are covered by AWWA C100-54T. 

One other ASA Specification dealing with water pipe is that per- 
taining to the cement lining of pipe. Cement lining has been used 
for well over 80 years and has been successful in preventing tuber- 
culation, and insures high flow capacity regardless of age of pipe. 
A number of flow tests have been made on cement-lined pipe that has 
been in service as much as 30 years, and flow coefficients in the 
Williams-Hazen formula of as much as 140 have been found. A large 
percentage of all cast iron pipe now furnished for water service is 
cement lined. 

All of this may sound complicated, but essentially the ordering 
of pipe under new specifications is as simple as was the case with 
older specifications. The buyer of pipe, as in the past, must know 
the pressure to be carried, and under the new specifications, having 
decided on a trench condition and a depth of cover, he is able to select 
the class thickness that his needs indicate and from then on specify 
ASA class .... cast iron pipe. 
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USE OF McILROY FLUID NETWORK ANALYZER 
IN PHILADELPHIA 
BY V. A. APPLEYARD* 


[Read September 19, 1956.| 


The city of Philadelphia is the third largest city in the United 
States—having a population of over 2.1 million people. The Water 
Works has a very interesting history of its growth, but it will suffice 
here to say that we have cast-iron pipe in our system which is over 
125 years old. We have approximately 2,900 miles of pipeline, and 
the sizes vary from 93 in. to 4 in. Tied up to this distribution sys- 
tem we have approximately 520,000 customers. We do not go beyond 
the city limits, but the city comprises 130 square miles of area 
(Fig. 1). We have ten different service areas, which in most cases are 
clearly defined by having the distribution valves shut down along a 
specific service border. However, in other areas, 2 or more pumping 
systems blend in the distribution system without any valves specifi- 
cally being down. In other words, in some cases we operate as though 
we had independent pumping and distribution systems—and in other 
cases. we operate a large area of the city and serve it with a number 
of pumping stations. We have 5 filter plants and 18 pumping sta- 
tions—some of which pump raw water, and others clear water—as 
well as clear-water booster stations. Last year, the average day's con- 
sumption was 370 mil. gal. of water, half of this water being supplied 
from the Delaware River and the other half from the Schuylkill River. 

One would think that a city as large as Philadelphia would be 
fully developed by this time, but such is not the case. Last year there 
were 11 farms over 100 acres in size within the city limits, most of 
this undeveloped area being in the Northeast section of the city. How- 
ever, during the past 5 years, the Northeast section has been filling 
up with residential, industrial and commercial building, such that in 
the not too distant future a saturation point will be reached. Also, in 
the Southwest section of Philadelphia a large redevelopment project 
is being designed, about which more detail will be found below. 


*Chief of Water Operations 


Water Department, 1103 City Hall Annex, Philadelphia, Pa 
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Our department has a specific multi-million-dollar improvement 
program for the next 5 years. We are rebuilding all filter plants; we 
are renewing or replacing some pumping stations, and as far as distribu- 
tion system is concerned, we have a very active program of building 
additional storage facilities; building additional trunk-main capacity 
in existing built-up areas, and building new trunk-main capacity, as 
well as extending grid system into newly developed areas. We also 
have a re-lay and cleaning and lining program to rehabilitate the 
older parts of the distribution system. With this extremely active pro- 
gram, the McIlroy Network Analyzer was an absolute “must”, if we 
were to get accurate engineering designs which were economical in 
original capital outlay—as well as economical in operations—and at 
the same time conform to our basic service criteria. 

During the summer of 1954, Prof. M. B. McPherson of Lehigh 
University was working for our department on hydraulic design. He 
spent the best part of 2 months making a complex analysis of the 
operation of our Belmont High Service system. The gathering of 
data was relatively simple and not very time-consuming. However, 
the analysis of flows vs. head losses through the system under all 
the varying predicted conditions of load definitely indicated that a 
tank should be installed on this system. Further analysis was neces- 
sary, in order to establish the best possible location of this tank from 
the standpoint of operations of the system, and at the same time 
within the practical limitations of where there was land available to 
erect such a tank. 

At the end of the summer, Professor McPherson and I went to 
Cornell University and repeated his complete analysis on the first 
model of the Network Analyzer under the direct supervision of Dr. 
MclIlroy. In one day we reviewed his analysis and added a number 
of other operating conditions onto the system, to get a much more 
complete study of this system. I recite this story to demonstrate how 
quickly an analysis can be made with the Analyzer, as compared to 
using the Hardy Cross method as applied by an engineer. Immedi- 
ately after this tryout, an Analyzer was put on order, which provided 
for 312 pipelines, 11 sources of water into the pipeline network, and 
73 loads, which are take-offs of water from this same network. It 
was received and erected in a large room in the City Hall Annex in 
January, 1956 (Fig. 2). The installation required about 2 weeks. 
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This installation is quite simple because the complicated wiring is all 
done in the factory and carefully checked for operation before ship- 
ment. 

A number of articles have been written about the details of the 
theory of operation of this Analyzer. Therefore, I shall merely say 
that the unit produces an exact electrical analogy of your distribution 
system. The Analyzer is only as good as the information which you 
use to set up the problem. Accurate field operating data, as well as 
good pipe records, are essential in order to obtain maximum accuracy 
of analysis. For instance, size, length, coefficient of roughness of each 
pipeline, plus at least one set of operating conditions of the pipeline 
system under study are essential. The distribution network to be 
studied is duplicated by electrically tying together the same number 
of electrical circuits as you have pipelines in your study problem. 
Each pipeline is reproduced by inserting a “‘fluistor” in the circuit. 
This fluid resistor acts electrically in the electrical circuit exactly as 
each pipeline functions hydraulically in the distribution system. In 
other words, the flow of water through the pipeline behaves in ac- 
cordance with the basic Hazen-Williams law of fluid flow. As you 
know, the loss of head varies at the 1.85 power vs. flow. This factor 
made it extremely difficult to duplicate this performance electrically. 
Actually, the secret of the performance of the Analyzer was in the 
final development of the “fluistor.”” As direct current flows through 
the “fluistor,”’ the voltage drop through the tube is at the 1.85 power 
of the current flowing through it and, therefore, it exactly simulates 
the performance of a water pipeline. 


Brier History OF ANALYZER 


The original idea of an electric pipeline network Analyzer was 
conceived about 1930 by H. L. Hazen, then Assistant Professor of 
Electrical Engineering at M.I.T. In December, 1934, a paper was 
published in the New England Water Works JouRNAL* by H. L. Hazen 
and T. R. Camp, then Associate Professor of Sanitary Engineering 
at M.1.T., which described their work on developing an electrical 
means of hydraulic analysis. Back in those early days, the electric 
resistor was used to represent a pipeline, and it obviously was not 
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very accurate, because it acted as a direct function with the ex- 
ponent of 1. 

In 1943, Camp published another article on this same subject,* 
pointing out that in 1936 the Hardy Cross method of analysis was de- 
veloped, as well as graphical methods of analysis developed by E. 
Aldrich. In 1942, vacuum tubes were used, and in 1943, some time 
was spent in trying to develop a tube that would act electrically ex- 
actly as a pipeline does hydraulically. Several other men participated 
in a minor way in the development of this Analyzer. 

World War II interrupted this basic research, but at the end of 
the war, Dr. M. McIlroy, then on the staff of M.I.T., decided to con- 
centrate on this problem. He solved the vacuum-tube design prob- 
lem and then went on to design the complete Analyzer. 

Dr. McIlroy received his Doctor’s degree from M.I.T., on his 
thesis of the research and development of this Analyzer. He went to 
Cornell University about 1948 and, under a research grant, he com- 
pleted his first model. He worked very diligently on this project and 
strained his heart badly, and met an untimely death in the spring 
of 1956, when only 53 years old. 


ActTuAL USE or ANALYZER IN PHILADELPHIA 


The actual use of the Analyzer in a specific case in Philadelphia 
occurred in a new residential, commercial and light industrial area in 
the southwest part of the city, known as “Eastwick” (Fig. 3). This 
redevelopment will clear some slum areas, as well as build up some 
low-lying swampy areas, and will ultimately accommodate a suburban 
section which will house over 50,000 people and will have about 1,100 
acres of light industry. It is predicted that this newly developed area 
will use an average of 8.8 mgd of water. A trunk-main layout and 
a distribution grid were designed and submitted to our department for 
study and approval (Fig. 4). We simulated the trunk-main system 
by plugging into the Analyzer all the pipelines which they proposed in 
the sizes they recommended. We imposed water loads on the system 
in accordance with our knowledge of basic use by domestic, commer- 
cia! and industrial users within the city. We then analyzed the head 
losses along the pipeline network and found them to be too low in 
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accordance with good economic design criteria. We reduced some of 
the pipeline sizes to what our engineers felt would be adequate, and 
again we analyzed the system (Fig. 5). We found that our design 
had a much better balanced system under normal loads and that it 
would very adequately handle the maximum hour-maximum day rates, 
and also the worst conditions of fire flow superimposed on maximum 
day rates. 

During the analysis we imposed fire flows at many locations, 5 of 
which were very critical. For instance, at one location 26,000-GPM 
fire demand was imposed in an industrial area; in another critical 
study, a fire flow of 3,000 GPM was imposed at the highest elevation 
of ground in the development, which fell in a residential area. We 
based our study on the use as predicted in the year 1980 and used 
“C” values as predicted they would be at that time. The final design 
of this distribution system actually reduced the amount of 30-in. 
pipe to 24-in. pipe by 11,600 ft, and the 20-in. pipe to 16-in. pipe 
by 17,000 ft. The saving in the initial cost of installing these pipe- 
lines is in excess of $350,000. The complete analysis of this system 
was done in approximately 2 weeks’ time, and it is so complete and 
so exact that no one can contest the adequacy of this design as against 
that originally submitted. 

So much for the Analyzer in a specific design problem. The 
apparatus can also be used for operating problems, such as the pro- 
posed cleaning and lining of trunk mains in our Roxborough High 
Service District. We, in Operations, must know in advance how to 
operate the system with the maximum length of trunk main out of 
service. This means that the trunk mains and some of the distribu- 
tion grid must be put on the Analyzer. Then the maximum rates of 
the seasonal load are imposed on the network as set up on the 
Analyzer. If the service standards of pressure are not met, then tem- 
porary facilities are needed, and the Analyzer can indicate the actual 
requirements during this temporary period. This can be done in sev- 
eral ways, such as:—bleeding into this area from a higher pressure 
district; the installation of a temporary pipeline; the installation of 
several “round connections’ from another trunk main, etc. The 
Analyzer will obviously be of great value in this type of problem, be- 
cause we are able actually to simulate conditions of the field before, 
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during and after the cleaning and lining job. This analysis can be 
done quickly, and each section to be taken out of service can be 
scheduled in an orderly manner, with adequate service still provided 
to our Customers. 

Another use for operations’ benefit is to set up a part of the dis- 
tribution system that is obviously weak in capacity, then simulate a 
normal day’s performance of this system and check it with actual 
field data. Once the system is exactly the same as in the field, then 
predicted future loads can be put on the simulated system. The maxi- 
mum hour of the maximum day can be predicted, and hydraulic gradi- 
ents can be readily determined. Better yet, temporary steps can be 
plugged into the electrical circuits, such as adding a temporary pipe- 
line or a temporary booster pump, and the results can be immediately 
seen and evaluated. This can be done well in advance of the sum- 
mer season and thereby furnish an opportunity to prepare properly 
for seasonal loads. 

In conclusion it should be emphasized that the Network Analyzer 
is only as accurate as the engineer that is operating it and the basic 
data that he uses. There is no “black magic’. The object is to dupli- 
cate the part of your system under study on the electric Analyzer 
within practical limits. We do not consider it necessary to pitometer 
each pipeline to get an exact “C”’. We use average use figures when 
developing “load” figures. However, I wish to state that it is quite 
amazing how close an engineer can come to exactly duplicating the 
system by using average figures. His judgment should be used to 
insist on more exact data where the specific information could be very 
influential in the final analysis. We have not, in the seven months of 
operation, spent time to check out in an exact manner the field con- 
ditions vs. the Analyzer calculations. We have made spot checks and 
are satisfied that the accuracy of the Analyzer is as close as our engi- 
neer can calculate, using tables, etc. It is our definite opinion that we 
get a much more complete analysis of the network under study, be- 
cause fewer short cuts are taken than are normally used when hand- 
calculated. Every alternate scheme is readily studied, as well as the 
variables in each plan—all of which gives us an extremely complete 
engineering study. This Analyzer has saved us a tremendous number 
of hours as well as dollars, and I, therefore, state that we, in Phila- 
delphia, are very much satisfied with this unit. 


MEMOIR 


MEMOIR OF CARLETON E. DAVIS 


Carleton E. Davis, Past President of the New England Water 
Works Association, died January 29, 1957, in Merion, Pa. Born in 
Brookline, Mass., November 14, 1869, Mr. Davis was graduated from 
Massachusetts Institute of Technology in 1893. From 1900 to 1904 
he was resident engineer for the Newark, N. J., water supply. Dur- 
ing the next two years, as engineer for the Isthmian Canal Com- 
mission, he was engaged in the construction of water works and sewers 
in the Panama Canal Zone. In 1905 he became department engineer 
in the Reservoir Department of the Board of Water Supply of the 
city of New York, leaving in 1912 to take the office of Chief of the 
Philadelphia Bureau of Water. He remained in this position until 
1923, when he went to Indianapolis as Manager of the Indianapolis 
Water Co. Two years later, however, he returned to Philadelphia as 
Manager of the Philadelphia Suburban Water Co. He later became 
Vice-President and Director and, at the time of his death, he was 
serving the company as a consultant. 

Mr. Davis had been a member of the New England Water Works 
Association since 1902 and was President in 1918. He was an honor- 
ary member of the American Water Works Association and served 
as president of that association in 1920. He was also a member of 
the American Society of Civil Engineers and the Engineers Club of 
New York. 

GEORGE C. HOUSER 
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RAINFALL 


IN NEW ENGLAND 


REPORT OF COMMITTEE ON RAINFALL AND YIELD 
OF DRAINAGE AREAS 


RAINFALL IN NEW ENGLAND* 


Part VI. RAINFALL IN CONNECTICUT (Continued ) 


MOUNT CARMEL, CONN.--Elevation 200 feet 


Record: January, 1937, to December, 1950 


Mar Apr May 


June July Sept. Dec. Annual 


1937 6.35 3.71 4.9% 5.64 3.57 4.38 4.02 8.71 4.02 7.81 2.62 58.19 
1938 4.49 2.66 2.25 $3.14 4.67 7.81 6.60 2.73 14.81 24 3.! 5 
1939 3.483 4.76 6.55 4.59 1.18 4.33 1.07 4.69 2.59 5 4 

1940 2.40 2.54 6.36 6.35 9.64 4.33 4.59 2.47 3.12 2.4 
1941 2.95 2.72 1.56 1.30 4.26 404 3.93 5.46 0.0% 4.6 
1942 4.44 2.77 0.91 4.00 2.90 5.42 6.31 2.49 5.4 
1943 2.73 1.96 5.29 4.91 4.1% 4.39 2.69 1.64 1.82 3. 

1944 2.41 1.90 7.59 4.54 1.71 1.91 0.93 1.55 9.52 3.4 
1945 2.52 3.86 2.40 43 6.55 2.53 4.97 4.70 2.88 5.4 
1946 2.15 2.51 1.5% 1.46 6.18 2.99 4.14 7.95 3.04 2 

1947 2.36 2.18 3.27 4.47 4.14 BS 4.3% 4.62 2.41 2 

104% 4.83 1.55 4.78 7.19 4.49 2.85 4.25 0.51 7.4 
1049 6.9% 2.26 2.56 4.16 6.87 0.30 3.33 3.65 47 2 

1950 4.05 3.45 2.46 4.22 4.70 4.73 1.01 4.3 


14 Yrs 4.66 2.78 4.41 5.81 5.64 3.54 4.32 


~ 
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NAUGATUCK, CONN. (Naugatuck Water Co.) 


Record: January, 1896, to December, 1950 


Muar June July Sept Dec. Annual 

7.89 4.87 0.75 2.33 4.01 4.10 3.71 5.42 3.29 1.49 44.01 

4.4% $.2] 2.97 2.49 5.71 5.17 16.56 4.52 2.59 1.12 6.16 60.79 

4.9% 4.2% 2.4% 3.78 6.28 0.54 4.00 8.38 2.38 5.04 3.01 50.75 

4.59 07 5.11 1.50 2.71 2.55 6.51 0.57 4.54 2.06 2.74 37.10 

1900 4.14 7.03 4.02 1.47 4.66 2.71 2.50 2.10 3.12 4.5% 2.44 40.27 
1901 1.67 0.35 7.6 11.44 7.89 0.59 2.94 5.47 4.82 4.24 2.70 9.64 59.28 
1902 2.42 6.57 7.76 4.1 2.30 48 4.57 4.90 7.05 6.02 0.94 7.42 57.56 
190% 2.75 4.47 5.69 2.9% O46 11.72 4.47 4.92 4.49 2.87 2.20 4.44 48.45 
1904 3.84 4.12 4.07 5.11 2.4 02 2.11 6.4 6.75 2.43 1.76 2.64 44.52 
1905 2.38 1.16 1.92 4.56 1.70 4.40 1.77 24 4.1% 2.09 1.60 4.39 10.04 
1906 2.20 4.01 4.87 4.22 5.3 5.52 3.59 1.97 6.79 2.14 $3.27 47.33 
1907 5.0% $.23 1.62 2.76 4.41 1.43 1.10 10.05 5.35 $1.90 51.31 
1908 4.77 4.92 2.15 1.47 5.78 0 4.61 4.75 1.75 2.4 1.21 4.21 {7.61 
1909 4.65 6.19 4.24 2.40 2 1.93 4.55 1.1 1.88 4.72 44.97 
1910 6.6% 4.20 1.05 3.64 2.57 2 2.63 2.56 1.49 0.30 4.77 1.22 32.72 
1911 5.47 11 27 
1912 06 9.535 4.62 44 0.50 4.33 6.17 2.89 1.95 5.66 5.60 52.70 
1913 $.12 7.63% 6.17 4.0% 1.70 2.53 5.4% $55 10.64 3.53 $60 55.45 
1914 4.26 ».74 4.21 2 6.76 4.75 0.43 2.86 4.38 47.74 
1915 6.89 0.27 1.89 2.70 2.67 4.60 10.30 2.17 3.16 2.59 7.06 54.42 
1916 5.7% 2.86 4.41 5.71 4.36 2. 4.73 1.29 3.47 2.76 42.67 
1917 2.33 5.29 2.99 96 te 2.62 5.25 1.71 9.10 0.98 75 45.34 
1018 1.64 4.42 4.74 4.51 4.61 2.92 5.84 1.03 3.25 15 43.16 
1919 i] 7.42 2.92 6.27 2.08 4.44 5.08 7.47 5.67 4.94 2.70 53.53 
1920 4.58 11 5.7 4.87 5.74 5.80 1.62 9.28 1.39 4.62 7.99 59.05 


this JOURNAL March, 1957 


* Continued from 
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A 


Year 


1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


Av 


oF 


& & 
om 


‘ 


60 


— awn 


“=x 


RAINFALL 


NAUGATUCK, CONN 
Apr. 


5.03 
4.00 
4.36 
6.91 


— — 


OP ce 


May 


4 
6 


20 
47 
44 


ov 


5.21 


IN NEW ENGLAND 


(Continued) 


June July 
4.41 
5.06 
4.26 


Annual 


16.81 


1.64 


2.41 5.56 6.20 


5.66 7.86 5.15 


55 Yrs. 3 


Year 


1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


Av 
100 


Yrs 


NEW 


HARTFORD, CONN 


Record to 
Mar 


(Richard's 
April, 1912, to 


May 


Reeord 


June July 
6.22 
2.46 
2.46 
6.22 


NEW HAVEN, 


1829; 1864 to 


May June July 
26 


16 


Corner 


Dam) levation 


December 


Aug 


1.54 


Annual 


CONN 


Aug 


10.14 


151 
Feb. Mar. Aug. Sept. Oct. Nov. Dec, 
4.32 2.85 2.10 2.38 ».44 2.55 <7 
2.27 5.34 4.37 0.83 2.75 1.49 §.22 43.51 . 
1.29 3.50 3 1.97 2.47 6.91 4.71 5.48 48.26 4 
2.68 1.30 5.62 1.38 1.76 5.60 545 0.26 $29 «62.58 42.42 
3.02 4.19 2.06 4.07 3.35 6.49 2.68 40 4.68 .22 $44 44.39 % 
5.97 57 2.97 4.49 19 6.67 4.02 44.49 
3.77 1.95 | 1.74 ».65 5.33 51.10 
.60 4.25 10 6.20 4.69 7 1.71 5.29 2.35 4.31 46.461 
2.47 40 2.15 $.15 4.68 2.51 2.74 2.52 1.72 55 2.87 $7.28 
0 2.14 2.74 3.93 1.65 1.76 +08 1.19 1.82 1.06 2.80 1.68 
2.26 2.27 1.55 4.42 2.92 4.48 7.65 1.99 41.85 
5 3.57 5.01 2.30 2.57 1.57 7.77 5.45 1.98 1.17 eR 42.84 
4.34 4.61 5.97 3.48 +84 612.16 2.15 4.12 56.21 
9 2.96 1.92 2.35 56.50 $33 60.84 151 0.40 0.77 2.27 
6.83 2.61 3.79 4.09 4.14 2.12 7h) 4.27 142 7.42 51.35 
6.19 .18 4.59 4.30 2.83 6.95 1.05 97 16 19.29 
5.69 3.16 3.50 6.89 10.20 $47 11.63 1.67 1.79 58.56 
3.60 10 4.4] 0.78 4.260 5.29 1.44 2.92 11 42.52 
3.65 82 5.78 4.36 4.54 3.12 2.48 07 or 
2.55 30 1s 1.28 1.99 4.90 9.36 4.53 0.7 2 90 4? 160 41.56 
3.59 7.83 O.81 3.37 +08 4.51 5.01 06 49 6.19 4.71 
3.57 35 4.15 $00 $90 1.5 66 1.06 42.60 
2.45 34 5.67 4.53 2.03 2.40 3.45 0.99 1.42 6.45 44.22 
3.58 53 2.13 5.34 6.91 1.73 6.65 t.41 59 51.56 
2.51 79 1.70 1.84 7.18 3.08 5.18 8.15 4 «191 2.75 42.82 
2.40 M4 3.58 4.08 4.79 5.48 5.26 291 1.14 7.41 6 46.55 
4.50 [1.75 460 469 610 451 2.54 225 04 1.80 6.00 6.86 46.0 
24 3.34 4.44 5.21 0.88 41.00 2.32 1.9 1.58 04 41.25 
96 3.45 3.48 4.91 4.16 5.76 4.25 1.02 1.77 >. 58 46.20 
4.12 3.77 3.92 $64 4.27 4.13 25 1.01 46.20 
feet 
Year Jan. Feb. Mar. Apr. Sept. Oct. No Dec. 
1942 2.78 3.51 6.81 6.74 4.76 $82 6.68 81 53.04 
1943 2.84 1.94 4.40 4.43 | 1.39 5.14 4.54 0.72 »40 
1944 1.79 2.02 4.59 4.33 1.68 2.66 6.64 215 6.20 1.05 42.70 
1945 2.91 4.06 2.07 6.46 7.54 6.46 70 A5 1.52 6.18 
1946 2.99 2.25 1.69 2.22 5.77 2.53 6.76 1.36 72 1.57 0.94 2 AS 6.25 
1947 2.89 2.30 1.96 4.90 $46 1.59 2.46 7.22 255 43.50 
194% 3.46 2.05 3.75 4.10 5.82 6.56 2.96 1.39 0.26 2.13 » 36 7.14 44.18 : 
1949 6.66 2.62 3.30 5.53 0.70 2.02 2.72 2.17 1.97 7.49 
1950 4.29 4.23 $01 2.82 4.52 5.11 2.50 1.24 1.87 1.91 6.7 6.41 46.66 : 
Av 
Yrs 3.33 2.78 3.44 3.97 4.0% 4.01 x2 22 1.05 6 43.67 
1K to 150 
Jan Feb | Sept Oet No Dec. Annual 
4.42 2.58 2.15 KY 4.5 6.49 57.7) 
3.60 2.43 7.5 5.01 0.9 1.19 0.73 1.30 4.99 1.99 61 46.08 
2.23 3.87 2.9% 447 6.41 2.11 4.72 6.16 AY 6.51 47.23 
2.44 2.51 1.67 1.85 7.47 4.19 2.18 2.97 0.63 Lf 17 7.58 
2.75 2.45 2.61 65.21 4.21 4.2% 4.12 10 230 14.40 
4.99 2.08 4.48 56.45 7.77 360 2.356 2.20 0.70 1.54 4.96 KK 
5.87 1.05 t.19 6.14 0.12 2 2.95 4 $7.17 
3.31 3.60 2.93 2.40 4.65 5.64 1.09 1.70 1.60 9.46 
3.83 43.78 4.0% 3.65 1.09 4.12 4.47 15.61 


Year 
1940 
1941 
1942 
1944 
1944 
1945 
1946 
1947 
194% 
1949 
1950 


Ay 


Yeur 
1940 
1941 
1942 
1945 
1944 
1045 
1946 
1947 
1045 
1944 


1950 


RAINFALL IN NEW ENGLAND 


NEWINGTON, 


Record: January, 1940, t 


May June 
4.44 
3.46 


4.47 


NEW LONDON, CONN. 


Record: January, 1871, 


Mar Apr May June July Aug. Sept 


NORFOLK (Litchfield Co.), CONN 


July, 1915, to December, 1935 
Mar Ap May June 

5 

5 


CONN 


0 December, 1950 


Sept Dee 


96 2.69 
y 3.89 
5.26 


& ne 


x 


tlevation 47 feet 


to December, 1950 


Annual! 


46.10 


> 


Elevation 1,400 feet 
January, 1939, to December, 1950 


Dec. Annua! 
2.85 42.09 


54.28 


152 
Jan Feb Mar Apr July A na! 
91 1.84 5.10 5.54 2.84 1.74 1 
Al 2.67 1.44 1.06 6.33 3.65 0 13 
42 2.3% 6.06 0.60 4.92 || 4.05 4.70 3 31 
51 2.06 4.10 5.89 4.38 2.66 0.83 1.25 0.94 
KH 1.74 4.51 4.5% 2.5% 3.83 2.60 1.76 9.20 2.65 6.62 3.11 98 
$24 8.11 2.27 4.15 5.98 4.63 64 3.38 1.86 1.72 4.85 5.68 51 
2.1% 2.2% 1.79 2.29 6.41 2.97 69 8.16 2.26 0.90 1.25 3.02 20 
A 2.50 1.5% 2.56 4.72 2.96 4.60 08 2.02 3.04 1.93 6.03 1.89 66 
2.87 1.75 4.50 4.02 4.91 6.02 x4 2.86 0.59 1.45 5.76 5.40 97 
5.21 2.62 1.26 4.41 0.62 4.52 2.91 2.20 2.25 4.02 51 
4.72 $562 2.59 2.92 3.19 3.22 3.88 1.21 148 4.96 4.08 38.77 
| 
Zz. . $05 2.42 4.22 4.40 4.7% 4.57 359 3.41 2.56 2.31 4.62 4.63 40.41 
2.56 3.74 6.40 8.44 
2.93 6.67 O64 1.83 2.16 4.50 6.56 1.44 3.59 5.34 
4.33 2.1% 2.96 1.38 4.20 2.61 4.21 2.20 0.45 4.73 2.55 7% 33.83 
2.45 2.41 5.45 4.14 1.04 2.16 0.86 2.18 9.05 1.90 9.40 65 43.64 
2.55 4.47 2.22 1.35 2.78 1.72 1.15 2.82 5.5 79 39.14 
4.17 2.6% 1.85 1.76 4.22 5.54 2.33 2.37 0.58 1.2 26 55.46 
j 4.0% 1.34 1.9% 5.55 4.98 2.62 3.18 4.07 2.28 2.57 7 55 39.91 
5.41 2.60 4.51 s.59 9.03 2.94 1.65 0.75 0.44 3.55 4.9 44 41.75 
: 5.61 4.84 2.41 $67 2.86 0.01 3.80 3.30 5.71 2.37 3.5 85 40.9% 
2.91 2.45 6.77 2.56 5.0% 0.99 1.61 
Ay 
77 4.05 4.61 4.13 4.68 4.42 4.558 4.2% 3.43 3.57 3.72 44.43 
Year Han. Felt July Aug. Sept Nov 
1939 42 4.5 1.29 5.54 2.03 2.32 
1940 4.52 2.48 4.0% 3.33 6.48 2.356 
194) 35 2.79 1.15 4.45 6.41 6.52 4.12 2.96 4.19 
Bs 1942 42 1.99 6.76 1.03 4.94 4.09 4.66 1.89 3.75 7.11 5.16 48.27 
5 1943 .29 1.96 2.95 1.68 6.33 2.80 3.29 1.02 1.90 6.56 0.87 39.37 
1944 1.84 2.76 4.99 $97 2.87 6.41 2.20 2.95 5.68 5.48 3.53 44.43 
1945 AG 4.44 2.41 8.14 8.58 9.33 4.1% 6.70 5.77 4.87 69.21 
: 1946 OR 4.05 1.82 2.55 5.40 t.O1 5.51 2.82 3.93 1.51 2.95 39.68 
1947 61 4.29 4.97 4.16 5.79 4.08 4.60 3.50 3.71 6.12 3.79 50.48 
104% R2 2.44 1.40 4.47 5.20 6.83 4.14 1.42 0.92 5.05 9.40 45.40 
1949 8.32 3.23 1.0% 5.59 4.91 1.11 2.79 2.92 3.79 1.88 4.44 43.99 
1950 4.15 1.66 4.3% 5.4% 4.26 4.22 1.79 10.03 5.63 53.21 
Ay 
| 29 Yrs 4.62 1.47 4.15 4.07 4.26 4.6% 4.06 3.38 3.39 4.70 67 4736 


Year 
1942 
1943 
1944 
1945 
1946 
1947 
194% 
1949 


1950 


Av 


20 Y 


Year 
1942 
1943 
1944 
1945 
1946 
1947 
194% 
1949 
1950 


Avy 


59 Y 


Year 


1942 
1945 
1944 
1945 
1946 
1947 
19458 
1949 
1950 


Av 


80 Yrs 


NORTH 


s 


Sn & 
Soot = 


Record : 


Record 


RAINFALL 


May 


Apr May 


NORWALK, 


Apr May 
4.56 
5.43 
1.69 
5.49 
10.78 
5.54 
4.11 
5.90 


NORWICH, 


Record: January 


BRANFORD, 


Record: January, 


January, 


IN NEW 


June 


NORTH GUILFORD, CONN 


January, 1931, 


June 


CONN 


1892, 


2.91 
5.99 
4.27 
t.02 
4.97 
5.84 
0.14 
4.24 


CONN 
1871, 


CONN 


192%, to 


153 
Elevation 220 feet 
December, 1949 
Year Feb Mar. Apr July Aug. Sept Oct Nov Dec. Annual 
1942 04 1.01 3.20 2.59 560 10.2% 2.30 1.08 40 7.21 56.97 
194% 98 2.59 4.71 $88 4.18 1.35 1.12 4.7 4.17 1.65 36.71 ‘ 
1944 4.87 2.10 1.71 1.11 0.86 9.51 1.91 8.21 4.57 47.58 
1945 61 4.85 5.80 2.55 2.95 4.32 2.97 2.42 .72 6.05 46.16 4 
1946 2.30 7.08 2.95 3.51 6.12 2.92 1.52 1.68 14.65 
1947 76 5.09 4.59 4.60 4.55 2.55 163 49.64 
1945 71 5.79 9.65 1.74 2.46 2 0.18 2.61 6.10 5.95 62.10 
1949 56 486 6.68 0.11 4.69 31 2.59 >17 $31 45.64 
1950 6.44 
Ay 
22 Yrs 4.89 4.30 1.04 4.11 $.95 3.64 4.21 12 1.26 4.11 46.69 
Elevation 280 feet 
Jan. ar, July Aug. Sept Oct Nov Dec. Annual i 
2.89 0.53 2.94 2.99 5.22 2.17 4.24 ».65 1.52 16.56 
2.23 4.77 4.56 3.59 2.33 1.60 1.66 4.24 1.55 
2.57 69 5.01 0.94 2.14 102 O88 10.11 1.82 4.92 1.10 47.86 4 
2.18 67 5.00 6.44 2.61 4.08 1.91 2.54 47 6.54 48.18 
2.09 x5 2.18 3.52 4.24 6.46 1.42 1.76 9.07 
3.11 3 6.07 447 4.17 4.27 3.68 3.63 24% 17.95 3.97 47.7% 
4.73 62 5.54 9.16 5.96 2.90 2.72 0.42 2.98 6.42 2.10 
7.18 6.45 0.09 4.7% 55 7% 45.50 ‘ 
3.97 x0 4.15 4.90 $80 3.12 6.35 1.00 1.46 4.75 45.07 
| 
3.05 4.02 4.19 4.01 3.68 4.26 4.42 ) 141 4.28 47.74 
Jan. eb. Mar June July Aug Sept Oct No Dec. Annua 
4.75 45 8.02 6.76 9.32 2.79 2.79 57.50 
1.53 26 4.77 3.18 1.31 3.26 6.79 4.27 1.78 44.17 
26 8.50 0.836 1.52 10.00 1.84 6.04 49.05 
2.83 79 5.56 1.91 2.43 4.73 ».62 54.58 
1.96 22 2.38 1.60 5.84 01 0.94 “7 » 24 44.0% 
1.44 1.87 5.76 3.57 2.86 1.04 1.54 7.21 49.49 
7.35 3.42 2.15 4.99 $.93 4.59 1.84 1.24 61 40.94 
3.00 3.62 2.97 2.30 4.53 6.14 4.51 » 5.08 44.76 
3.45 4.07 4.0% 4.40 4.10 1.65 is 6 1.73 45.7% 
to December 1950 
7 Jan Feb. Mar Apr May June July Aug. Sept. Oct No Dec. Annual ; : 
39 7.77 «(0.58 «2.02 2.49 4.23 4.16 1.22 4.69 4.4% 7.59 46.90 
74 4.67 3.2% 4.98 2.09 2.81 2.57 1.2% 1.24 94 1.4% 144 
93 5.78 3.77 1.22 2.49 0.49 0.56 10.54 1.81 1s 0 41.70 
55 2.68 «893.41 3.92 3.16 2.20 2.84 2.78 140 5.35 4.67 37.94 
28 1.77 1.94 5.10 4.95 6.96 51 1.03 2.99 6.31 
2.60 25 1.33 865.66 1.62 4.4% 2.14 2.96 2.95 4.79 7.0% 
1.66 19 4.87 4.09 7.45 2.33 2.96 140 860.73 2.5% 2.46 41.22 
5.47 54 1.67 3.21 0.02 1.08 7.77 1.64 2.06 2 43 2.39 44.488 : 
4.17 -18 3.16 2.54 5.42 1.96 2.26 5.76 1.46 2.01 4.70 2.40 49.42 
3.76 4.40 4.02 1.66 1.24 4.2% i2 74 $.65 42.92 


RAINFALL IN NEW ENGLAND 


NORTH STAMFORD, CONN.--Elevation 200 feet 
Record: January, 1911, to July, 1950 


Mar Apr May June July Sept. Oct. Dec. Annual 
4.14 5.33 50.82 

2.98 6.03 3. 40.81 

9.10 1.80 

4.68 2.16 

6.66 1.02 

4.02 2.06 

0.23 2.25 

3.44 1.79 


oe 


3.91 


PEOPLES FOREST RANGER STATION, CONN. 
Record: February, 1943, to December, 1950 


Mar Apr rt. nnual 


55.81 
37.85 
42.4 
42.62 
38.61 


46.72 


4.26 
6.50 2. 0.63 
1.17 3.6 2.65 2.59 

‘ 1.70 


WN 


2.61 2. 44.09 


PROSPECT, CONN, (New Haven Water Co.)— Elevation 
Record May 1915, to December, 1950 


x 


Mar Apr May June July i Sept. . Annual 


Ne 


PUTNAM, CONN Elevation 45% 


Record: November, 1936, to December, 


Yeur d he Mar Apr May June July Aug Sept. ot. Annual 
1936 
1937 
103% 
1949 
1940 
1941 
1942 
104% 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


46.06 


t 


Av 
14 Yrs 


154 
Year Jan Feb 
1942 $.77 
1943 3.39 2.10 
1944 2.9% 1.99 
1945 2.27 4.74 
1946 2.11 2.55 
1947 2.75 4.22 
194% 4.4% 1.95 
; 1949 7.26 4.0% 
1950 2.44 4.24 4.20 2.22 4.26 00 5.99 
: Av 
: 39 Yrs 3.34 2.87 3.86 3.65 3.95 3.63 3.95 149 o/ 3.50 3.30 3.26 43.71 
Year Jan Feb 
1943 198 3.04 3.55 6.39 4.12 2.15 1.06 2.07 56.30 4.59 0.80 . 
1044 1.65 2.20 4.49 4.66 2.82 3.5% 3.15 3.67 7.27 6.32 .79 
1945 3.KY 1.95 2.07 5.53 7.04 5.70 6.49 65.45 3.52 2.67 4.99 64 
1946 2.62 2.81 1.62 2.5% 5.51 3.19 5.06 4.04 3.94 2.04 1.04 60 
: 1947 2.59 2.56 4.49 4.24 5.31 2.24 6.54 87 
194% 2.97 1.89 3.21 3.17 6.31 1.78 4.79 53 
: 1949 6.55 2.47 4.06 4.57 5.95 2.38 1.45 16 
1950 4.30 4.07 3.09 2.69 3.7% 1.92 9S 
Av 
6 Yre 3.80 2.96 2.76 3.62 5.65 4.41 4.36 3.05 
Yeur Jan. Feb. 
1942 4.64 4.63 7.84 0.62 4.36 2.91 4.1% 5.09 3.6% 3.39 5.66 53.54 
1944 2.68 2.62 4.61 3.10 5.51 3.66 2.89 2.04 1.57 6.77 4.40 i 41.56 
1944 2.25 2.96 6.20 4.6% 1.43 2.67 5.10 2.33 8.99 10 6.56 ' 49.96 
1945 2.86 3.44 2.59 6.04 7.32 2.82 5.91 4.33 56.09 
1946 197 2.84 1.41 2.12 7.13 4.47 6.02 69 1.83 2 42.59 
1947 4.20 +06 4.26 4.91 5.20 6,66 5.61 2.16 8.13 5.44 49.63 
1948 3.16 2.48 4.76 5.28 5.92 5.09 2.93 2.86 0.35 44 = 6AT 7.39 49.03 
1949 7.13 2.67 4.35 5.30 5.50 0.57 3.00 2.74 3.90 93 2.15 3.70 41.94 
1950 3.31 3.40 4.67 3.56 4.52 3.50 4.49 4.46 1.11 57 6.01 5.67 46.27 
Av 
5 Yrs 3.56 1.02 4.00 4.11 4.36 1.06 4.61 4.1% 4.02 3.36 4.37 3.98 47.58 
| | 3.42 2.61 4.00 5.68 4.24 4.19 3.16 2.85 4.77 $3.44 43.27 


Year 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 


Av 
10 Yrs 


Year 
1942 
1943 
1944 
1945 
1946 
1947 
194% 
1949 
1950 
Av 
65 Y 


1946 
1947 
1948 
1949 


1950 


Avy 
6 Yr 


LADO 


| 


me 


RAINFALL 


PUTNAM HEIGHTS, 


Record: June, 1940, 


Apr. 


wn 


LAKE, 


Rec 


ROCKWOOD 


Reeord : 
Apr 


May June 


> 


ROCKVILLE, 


CONN 


CONN 


to December, | 


July 
4.71 
5.62 
4.91 


(Greenwich) 


Aug 


0.90 
2.92 
1.20 


to December 1950 


May June 


d: July, 1942, 
May June 


LAKE, CONN 


January, 1941, 


May 


45 


9 
4 
4.66 
9 
5 


June 


July 


Aug 


CONN 


to December 


July 


Aug 


(Greenwich 


to December 


July 
4.47 
5.06 
4.01 
0.71 


Aug 


IN NEW ENGLAND 


O50 


Sept 


O.96 
1.77 


Elevation 


Sept 


oo 


feet 


2.4 


i 


Annual 


$1.08 


Annua’ 
48.05 
15.0% 
49.52 


40.75 


Annual 


Annual 


155 
Jan Feb Mer Nov Dec, 
4.35 1.67 630 
00 2.27 1.19 4 3.82 1.84 273 
02 2.03 00 0.72 l 4.97 |_| 6.30 49.44 
70 1.68 #1 1.60 22 0.33 5.26 1.01 32.05 
14 2.03 A6 70 0 4.52 0.56 1.29 9.30 1.98 6.00 2.55 38.93 
59 AT AS 5.35 4.11 1.64 2.14 5.20 43.57 
-23 4 -98 19 1 3.17 2.65 6.75 4.25 0.44 1.26 14 6.64 
.73 5 .58 34 3 43.97 3.67 1.77 5.63 1.08 4.10 1 7.68 
27 0 64 70 5.56 4.61 5.06 2.22 0.93 2.6 5.58 2.76 41.46 
4.98 3 00 84 4.37 ORS O.83 6.48 4.22 2.45 15.69 
3.77 3.67 32 3.29 282 1.94 6.24 1.40 1.68 ». 62 27 «40.78 
3.04 2.35 3.35 3.12 3.76 1.05 2.42 4.22 ‘8.74 
PUTNAM 
Jan Feb Mar. Apr mm. No 
2.55 3.42 36 1.29 3.54 2.39 5.69 3.22 2.04 00 
3.00 1.11 98 2.54 4.66 3.24 3.18 1.74 2.55 7.78 2.04 1.44 : 
2.73 2.25 Al 4.56 2.02 2.93 0.64 1.3 10.24 144 > 50 9 : 
2.78 2.89 [1.14 4.35 5.51 3.00 8.91 6.22 3.69 2.01 4.32 4.70 ‘ 
1.71 1.56 74 1.27 9.58 4.96 4.5% 6.24 0.92 1.24 
2.68 2.97 43.61 4.33 5.75 4.30 1.45 $44 1.6% 7.2 46.223 
4.98 1.48 3.37 4.25 7.45 5.39 2.96 0.44% 5.06 1.2¢ 45.18 
6.11 2.75 2.48 4.47 5.50 0.20 3.36 4.59 64 1.70 0.97 4 x70 
2.68 3.53 3.30 1.86 4.67 2.90 3.64 4.21 1.26 2.15 6.19 1.4 19.82 
rs. 3.50 3.17 4.65 3.46 3.79 4.35 4.05 4.40 4.68 16 1% 45.42 2 
Year Jan Feb Mar. Apr Sept Oct No Dec, 
1942 4.05 2.39 2.92 1.4 6.52 
1943 2.46 1.88 3.46 3.38 Ine 4.67 1.16 0.79 1.51 1.62 0.84 
1944 1.49 1.77 3.88 1.04 7.48 2.55 2.39 7.36 2.21 45 290 43.14 
1945 2.42 2.94 27 4.35 5.60 4.64 4.46 2H 1.1% 2.15 4.25 4.92 42.42 : 
2.44 2.30 46 2.34 5.10 2.79 4.26 268 ORY 1.55 2.24 2.0% 
2.09 1.80 03 3.81 2.34 7.00 1.75 2.65 1.77 1.72 4.96 
2.56 0.98 48 293 5.53 6.48 2.51 1.75 0.23 1.46 ) 0 36.14 — 
4.12 2.51 70 0.42 2.2% 2.02 1.76 1.04 
4.65 4.04 43.44 $.49 4.33 2.22 7.09 1.30 1.47 1.49 i> 
| 2.44 2.14 2.51 8.45 $.97 4.91 4.85 4.35 57 1.66 1.2 0 x44 
Year Jan. Feb Ma Sept Oct Dec. 
1941 26 2.55 1.14 2.05 0.5% 91 $2.45 
1942 Al 4.41 7.19 1.27 2.25 5.16 2.09 47.55 
194% 97 1.11 2.5% 1.59 1.00 6.59 
1944 1.09 7.08 4.92 ] 7.41 > 40 12.05 
1945 4* 2.75 2.41 4.72 2.43 6.16 19 4.44 11.90 
1946 1.50 1.50 2.70 1.31 9.52 4.79 17 ». 0.90 1.0% 1.74 9.24 
1947 2.59 2.9% +.56 3.99 5.1 1.79 1.06 1.54 1.50 1.15 $5.20 
194% 1.5% 4.43 4.51 7.26 ». 62 4.19 1% O44 2.22 “4 2 14.04 
1949 6.22 2.69 2.43 4.44 5.04 0.11 4.13 15 1.50 
1950 2.54 4.13 2.69 1.95 2.7% 1.4 1.53 
Av 
10 Yre 2.92 2.47 4.58 4.06 4.98 4.12 4.08 x2 o- 2.45 ? y 40.52 
? 


Year 
1941 
1942 
1944 
1944 
1945 
1946 
1947 
1949 
1950 


Av 
Yr 


Year 
1940 
1941 
1942 
1943 
1944 
1445 
1946 
1947 
194% 
1949 
1950 


Av 
10 Yr 


1949 
1950 
Avy 

16 Yrs 


= 


SALISBURY, CONN 


Record January, 1934, to December, 1950 


RAINFALL IN NEW ENGLAND 


ROCKY RIVER DAM, CONN. 
Record: March, 1941, to December, 1950 
May June . Aug. Sept. 
3.12 


ROUND POND, CONN 
Record: June, 1940, to December, 1950 
Apr May June July Aug. Sept 
4.29 2.99 
9.00 3.40 0.30 


4.07 5.6 


4 


] 

BD 
15 


92 


6.65 


5.61 


Apr May June Aug. Sept 


Elevation 1,015 feet 


Oct. Dec. Annual 

2.19 

3.37 42.57 

5.26 AE 40.67 
91 5S 3.$ 41.98 


Annual 


40.43 
54.98 
45.8% 
47.04 


53.80 


Oct. Annual 
49.10 
34.90 
46.80 


o 


40.26 
60.69 
ee Ae 
$3.43 


tw 


156 
Jan Feb Mar 
1.34 
2.21 3.17 1.54 
4.46 1.74 4.07 
1.90 1.93 4.49 4.40 2.16 4.4 4.56 1.69 5.24 
3.35 1.62 2.45 5.10 6.89 5.87 7.27 4.46 2.58 2.01 4.37 4.99 53.36 
1.46 2.44 2.57 1.47 6.32 +58 6.09 4.71 4.32 1.75 1.45 2.26 38.22 
: 2.46 1.64 3.57 395 56.76 490 4.29 2.19 2.79 2.28 696 2.01 41.80 
2.97 1.41 4.74 4.49 7.16 5.62 2.82 1.55 0.16 1.15 4.04 6.25 41.76 
: 6.47 2.75 2.41 +50 7.22 1.07 3.68 1.50 2.48 2.19 1.19 $3.81 28.57 
4.04 4.65 4.12 1.66 4.45 4.91 4.44 6.02 1.59 1.51 4.79 
2.39 $.12 5.70 4.22 4.49 2.81 2.75 2.49 4.22 3.67 42.29 
Jan Feb Mar Oct. Nov Dec. 7 
A6 5.31 2.44 
2.71 4.22 2.43% 3.57 5.55 
2.46 4.50 7.04 1.11 4.64 9.07 4.16 51 4.7% 4.68 
J 4.16 1.90 4.55 4.14 5.65 4.01 4.7 2.91 1.85 55 4.52 0.93 
2.79 2.22 5 4.99 2.50 3.59 2.24 1.58 6.62 3.85 
1.39 1.06 1.4% 4.44 6.72 1.00 4.0% 3.37 4.51 5.52 
2.27 23 2.56 1.52 5.30 3.17 5. 6.17 6.60 68 1.27 1.11 41.80 
1.09 4.4% 4.1% 7.63 4.43 4. 8.10 4.03 68 9.31 3.95 656.42 
4.79 BY 4.35 6.83 1.0% 1.76 0.82 33 4.54 6.90 50.98 
5.77 2.23 4.12 6.14 0.45 5.10 3.46 “4 1.20 39.28 
2.94 3.88 4.06 2.17 4.06 3.51 3.52 1.65 28 5.70 47.65 
| 3.27 2.84 5.06 5.4% 3.52 4.55 3.51 2.68 4.5% 4.20 47.81 
Year Jan Feo. Mar, 
1934 5.7% 2.32 2.6% 4.89 5.38 4.83 3.43 4.57 8.41 
1935 1.26 2.99 2.18 1.57 1.90 5.55 5.35 2.13 4.00 
1936 5.82 2.15 7.33 4.01 3.59 1.86 2.89 4.59 2.99 
1937 6.11 2.37 1.06 2.99 4.44 9.75 5.46 4.75 6.09 87 2.93 2.45 55.67 
193% 2.61 1.12 2.40 9.64 6.74 4.13 12.06 | 3.46 3.45 55.20 
1939 63 $.65 3.14 4.73 2.88 1.12 4.62 2.78 6.03 1.80 2.17 35.66 
d 1940 74 2.10 5.92 5.06 5.63 4.28 3.56 4.06 5.19 26 4.96 2.96 47.72 
1941 95 1.63 2.66 1.15 4.04 5.37 6.48 2.15 1.48 87 2.73 3.57 37.08 
1942 10 1.42 6.49 1.07 5.16 6.20 4.28 3.30 4.49 .74 6.87 5.85 54.87 
1943 17 1.38 2.41 2.74 4.45 2.65 5.82 2.18 1.42 Bee 5.92 0.78 38.94 
1944 0.79 3.22 4.24 2.77 6.10 2.60 4.41 3.43 -06 4.66 2.24 
1945 60 2.95 2.92 5.24 7.05 6.92 10.10 4.60 4.81 99 4.44 4.07 
1946 1s 2.73 1.54 2.76 5.15 3.36 4.6% 2.09 4.38 12 1.01 1.43 
1947 2.10 4.15 4.05 4.79 4.57 4.0% 1.28 2.49 34 5.42 1.82 
194% 38 1.96 4.26 4.7% 5.65 6.36 2.83 1.89 1.34 52 9.15 
74 «62.53 1.54 5.48 1.19 $97 4.03 2.56 1.13 3.88 35.77 
04 3.13 1.80 2.38 3.79 4.01 2.84 4.27 2.05 1.61 6.51 3.14 39.57 
‘ 4.46 2.45 1.32 3.19 4.56 4.82 4.77 3.53 4.24 3.08 3.90 2.97 44.09 


RAINFALL 


IN NEW ENGLAND 


SAUGATUCK RESERVOIR, CONN 


Record: April, 


Year Apr May 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
Avy 

4 Yrs. 


SHELTON, CONN 
Record: January 


Year ; . Mar. Apr May 


1942 8.30 0.65 3.40 
1943 .26 
1944 2.26 8.68 4.63 


1945 
1946 
1947 
19458 
1949 
1950 


Av. 
47 Y 


Mar Apr May 


Year eb. Apr May 
1942 3.9 36 0.67 4.56 
194% : 2.5% 5.79 
1944 2.14 y 5.2 1.67 
1945 
1946 
1947 
1945 
1949 
1950 


Av. 
21 Yrs. 4.06 


a 
x 


& tr 


1943, to December, 1950 


June July Aug Sept Nov Annual 


44.589 


x 


18.47 


(Derby) Elevation 50 fee 
1896, to December 1950 


June July Aug. Sept Oct No Annua 
5.75 8.75 2.8 
SHEPAUG DAM, CONN : 
Record: January, 1941, to December, 1950 y 
June July Aug Sept Nov Annua 
2. 5.00 $589 0.99 
1.3 
5. 
4 
5 
4 
MEADOW RESERVOIR, CONN. (New Britain) Elevatio 
Record: January, 1929, to December, 1950 
June July Aug Sept Oct Annual 
4.91 7 4 
4.64 
6.67 
4.4% 
6.11 
5.14 
3.52 
4.02 


157 
4.56 4.21 1.74 2.98 6.05 4.09 1.15 
2.37 O47 2.63 9.43 1.75 6.14 
6.54 3.73 4.79 5.26 
3.51 4.88 4.43 1.60 1.53 1.34 2.36 
4.32 4.16 4.15 4.19 1.76 7.84 65 
5.02 4.43 1.88 1.02 6.1% 6.71 
0.29 2.80 3.77 +84 1.98 1.45 2.94 37.97 
4.45 1.70 1.32 5.42 ».05 
2.62 3.08 3.74 5.52 1.76 4.19 3.08 42.56 a 
2.75 2.36 
4.29 1.74 
7.53 2.7% 
3.58 3.9 
Year Jan ket 
1941 1.47 Ime 
1942 3.78 1.8 
1943 4.01 2.06 
1944 
1945 3.85 Inc 
1946 2.01 2.4 
1947 2.5% 3.4 
1948 3.60 19 
1049 6.00 4. 
1950 
Av. 
4 Yrs. 3.72 
SHUTTLE 


Year 
1944 
1944 
1945 
1946 
1947 
194% 
1949 
1950 


Av 
6 Yrs 


Year 
1942 
19434 
1944 
1945 
1946 
1947 
194% 
1949 
1950 


Av 
33 Yrs 


Year 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
194% 
1940 
1950 


Avy. 


23 Yrs 


RAINFALL IN NEW ENGLAND 


STEVENSON DAM, 


January, 1943, to 


May July 


CONN. 
December, 


Aug. 


Ap: 


June Sept. 


STORRS, 
January, 189%, 


Feb 


CONN 


to September, 


(Mansfield) Elevation 
1920; March, 


640 
Reeord 


Mar 
7.4 


Jan June July Aug. Sept. 


4.01 4.10 


THOMPSONVILLE 
Record 


Apr 


CONN 
April, 


May 


(Formerly Enfield) 


1915, to December, 1950 


Jan Feb Mz June July Aug. Sept. 


TORRINGTON, CONN 
Record: 


(Torrington No. 1) 
January, 1920, to December, 
Sept. 


Apr Aug 


72 

36 
0.65 

3.44 
2.51 

44 

2.24 


9 


1950 


1922, to 


Elevat 


Elevation 
1950 


Nov 


December, 


ion 


600 


Oct. 


50 


Nov. 


feet 
Nov 
6.75 
5.05 


4.09 


3.54 


feet 


Nov. 


Dec. Annual 


1950 


Dec 


Dec 


4.02 
6.20 
0.97 
2.38 
4.19 
10.91 


4.51 
4.90 


42.56 
51.74 
46.05 
41.91 


49.79 


46.22 


Annual 


Annual 


Annual 
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Jan Feb Ma. 
2.10 254 4.9% 3.04 4.80 5.03 3.14 Ine 2.59 5.70 5.05 1.31 
2.79 2.49 656 5.00 1.75 1.99 2.05 2.03 9.19 1.73 5.30 4.39 45.27 
: 4.71 2.52 5.66 6.27 4.71 9.10 3.23 2.88 2.57 6.61 5.59 
4.07 2.6% 1.49 2.01 7.74 2.87 4.93 5.96 4.53 2.34 1.65 2.89 
: 2.49 2.33 4.62 4.40 4.44 5.50 6.10 4.20 2.84 3.38 9.55 3.44 
(6.22 6.09 6.52 4.58 247 181 0.17 1.51 6.39 6.99 
: 7.34 2.75 4.23 5.41 5.5% 0.34 3.97 1.57 4.71 1.70 1.79 3.52 
4.70 4.27 3.32 4.59 3.65 5.4% 4.79 1.26 2.28 6.67 5.94 
2.58 4.13 4.20 5.17 3.15 4.16 4.23 3.78 2.16 5.23 4.54 
feet 
1942 4.30 1.94 0.71 2.72 4.73 4.58 4.71 2.24 3.47 6.35 5.61 47.20 
194% 2.69 1.75 4.52 4.77 2.15 4.65 1.66 0.58 5.41 4.02 0.36 34.90 
1944 1.4% 2.36 4.5% 4.66 2.20 4.50 1.90 1.36 9.15 2.07 6.23 2.64 43.07 
1045 2.65 4.10 2.24 5.44 5.75 4.62 3.76 4.13 1.74 2.37 5.23 5.45 45.48 
1946 2.50 2.44 2.39 5.35 2.94 4.03 8.44 3.17 0.36 1.46 3.28 $7.97 
1947 2.59 1.67 244 466 2.70 3.57 5.00 38.11 4.62 2.32 56.72 2.26 40.68 
1948 1.82 4.26 4.0% 6.13 5.61 2.95 1.85 0.53 2.49 5.73 3.52 42.26 
: 1949 4.47 2.76 1.52 1.00 4.45 0.83 1.7% 5.24 3.00 2.48 2.30 2.65 35.28 
1050 5.7] 4.17 2.98 4.57 5.59 1.22 2.14 5.09 4.55 43.03 
Ay 
55 Yr 5.49 3.21 5.06 360 4.58 8 (3.64 3.32 3.65 3.60 43.35 
Dec. 
2.49 2.58 0.63% 4.55 1.29 6.37 3.49 4.93 3.11 6.38 62.65 
2.18 1.71 43.54 4.42 5.84 4.12 3.88 0.77 1.24 5.10 0.77 37.62 
1.55 1.8% 4.8% 4.51 1.5% 4.78 1.0% 2.95 5.66 2.44 | 2.98 38.38 
) t.16 4.05 2.18 4.20 6.89 6.87 6.13 4.24 1.90 2.25 4.54 4.30 51.21 
: 2.00 2.17 1.83 2.38 5.35 2.67 4.76 5.24 1.92 1.32 0.90 2.80 33.34 
: 2.74 1.65 +.50 4.22 4.68 2.99 2.79 4.22 2.52 5.57 1.61 
2.52 1.31 340 3.38 543 5.70 3.97 2.87 1.32 1.13 5.94 2.82 39.79 
4.47 2.64 1.87 3.10 5.41 0.49 2.50 2.56 2.66 2.06 2.12 $3.05 33.23 
: 4.41 2.84 4.29 4.39 4.07 2.71 2.94 2.03 4.21 
3.08 2.37 3.31 3.26 3.67 4.17 3.83 3.49 3.71 2.62 2.93 39.98 
Jan. Feb. Mar. || 
4.33 4.41 4.05 4.72 2.11 4.37 2.09 7.96 2.00 
3.12 3.30 5.53 547 6.29 3.21 2.23 3.51 3.14 
1.83 0.70 2.88 4.82 8.20 3.81 2.19 3.34 
: 4.15 2.21 7.09 0.55 5.95 6.05 6.33 2.43 4.31 7.02 55.73 
3 3.58 Ine 3.57 Ine Ine 2.68 2.24 Ine. 4.64 5.23 
: 1.29 2.87 5.13 4.38 1.74 4.11 3.03 4.21 2.28 6.71 45.71 
4.64 4.33 2.19 5.66 6.50 6.29 7.95 5.54 2.44 4.73 
2.40 2.74 1.71 1.90 41.66 4.22 6.36 Ine. et 1.30 0.99 
; 2.65 3.50 3.50 2.59 3.50 2.78 1.77 2.18 1.76 7.40 
ef 3.79 «861.96 3.32 3.60 5.86 7.02 2.88 1.38 1.15 1.37 4.95 48.19 
6.40 4.56 2.97 6.15 102 2.39 43.23 2.78 2.46 1.40 || 
1.66 3.17 3.50 2.39 3.66 6.62 2.61 3.90 1.38 1.55 7.90 46.24 
| 4.02 3.15 3.93 3.65 3.84 4.39 4.18 3.88 4.53 3.04 4.15 3.85 46.61 


Year 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1949 
1950 
Av 

3 Yr 


Year 
1942 
1943 
1944 
1945 
1946 
1947 
194% 
1949 
1950 


Av 
64 Yrs 


Year 
1942 
1943 
1944 
1945 
1946 
1947 
194% 
1949 
1950 


Av. 
24 Yrs. 


2 
, 
9 
‘ 


- 


TRAP 


WATERBURY, CONN 


Feb. 


2.30 
2.28 


Ine. 
2.45 
2.69 
2.04 
3.61 


FALLS RESERVOIR, CONN 
Record: 1922 to 1927; 


Mar Apr M: June July Aug Sept Oct 
8.05 


RAINFALL IN NEW ENGLAND 


TORRINGTON, CONN. (Torrington No. 2) 
Record: April, 1941, to December 950 
May » July Aug Sept Oct 
3.06 5.5 7.7 1.10 2.41 
6.12 5.5% 5.68 5.54 


(Shelton) — Elevation 
August, 1930, to December, 1950 


May June July Aug. Sept. Oct 
2.91 4.83 3 

5.62 3.95 
1.68 

6.46 


Annun 


WATERBURY, CONN Elevation 400 feet 


Reeord: January, 1887, to December, 1950 


Annua 


0 
4.92 2.43 
4 


(Waterbury ¢2) Elevation 
1924, to December 1950 


Record 


January 


June Sept Annua 
365 4. 5 42 7 0.61 


4.64 y 97 


159 
Jan. Feb Ma Nov Dec. Annual 3 
2.69 3.85 7.9 6.64 6.76 6.46 
3.66 1.59 2.55 7.84 2.97 2.61 1.f 5.08 0.95 
1.10 2.41 5.14 4.79 1.81 4.17 3.12 4.01 8.47 2.62 6.45 4.12 48.19 
4.58 4.78 2.54 6.00 6.9% 7.15 8.63 6.15 2.50 44 ».59 
2.86 2. 1.90 2.58 2.5% 7.07 5.24 4.51 1.04 2.20 
1.88 3. %.45 3.69 4.59 3.24 6.14 1.81 2.06 1.42 ». 46 5 40.44 
3.70 2. 3.75 3.57 7.30 6.16 2.59 1.28 0.47 4.47 4.00 ; 
_ 4.30 $25 6.59 1.01 2.58 $10 2.83 2.39 1.75 4.58 
4.55 3.77 8656.80 1.16 1.35 4.41 
1.89 3.18 5.51 4.14 4.17 4.33 4.33 4.9% 2 1.49 6.15 4.41 
Year Ban Feb. Mar Apr Nov Dec, i | 
1943 16 87 4.61 3.74 4.55 1.72 
1944 77 04 8.68 4.99 6.54 46.96 
1945 is .78 2.54 5.57 , 6.9 6.66 56.66 
1946 52 1.73 2.03 7.61 «4.28 4.05 O89 1.69 2.94 38.74 
1947 .27 3.65 5.34 5.32 4.55 3.67 2.71 7.46 1% 48.50 
194% 4.57 5.46 7.94 4.56 4.20 2.96 1.07 1.57 6.27 7.84 62.05 
1949 4 14 2.40 6.62 0.28 2.76 4.27 4.24 12 1.48 2.73 41.36 ; 
1950 3.31 2.63 2.93 4.14 4.1% 1.35 2.71 6.40 1.6% 
Avy 
18 Yrs 3.70 2.92 4.12 4.15 4.27 $38 4.08 4.67 4.20 2.97 92 46.28 
Jan. heb. i 
3.80 71 
2.65 41 4.08 
0.84 37 4.86 244 1.250 (1.67 41 42.2% 
1.60 35 2.46 6.18 4.4% 1.20 1.97 5.45 5.69 0.05 
2.11 33 1.75 2.01 7.00 5.85 1.46 1.30 2.54 48.27 
2.12 2.63 3.28 4.54 4.24 41.95 5.47 4.70 1.11 7.1 4 
4.74 1.68 4.54 4.55 6.42 5.49 1.20 1.11 6.58 4.74 49.8 
6.14 1.93 1.72 4.12 O.89 4.75 4.24 1.1% 2.4 1.66 21 39.64 
3.18 4.41 2.71 4.21 1.71 4.27 1.82 6.17 $.52 40.66 
| | 3.83 3.57 3.99 3.65 3.91 3.55 4.356 4.26 3.75 3.47 76 (45.94 a 
Jan. Apr. May | 
4.49 7.53 0.73 4.09 
3.37 3.73 3.20 5.71 j 
5.13 4.50 1.77 2.36 3.26 191 1.72 7.11 1.66 
3.32 Ine. 4.72 6.42 4.72 6.16 4.4% $.56 1.98 5.72 5.89 
2.22 1.85 1.89 6.81 3.35 3.96 5.63 5.09 1.24 1.76 64 
1.96 3.23 5.06 4.14 4.97 4.69 2.85 2.46 0.94 6.74 $25 42.3% 
4.29 3.69 4.16 5.01 5.26 3.25 115 0.71 1.75 5.97 10.2% 448.51 
5.47 2.51 3.86 5.59 0.76 3.85 2.85 2.25 1.49 4.48% 39.45 
3.46 4.42 2.66 4.25 5.92 0.9% 1.4% 7.05 5.39 
| 3.79 3.14 3.80 3.52 3.58 4.67 3.68 4.16 4.69 2.93 4.98 3.65 43.79 ; 


Year 
1942 
1944 
1944 
1945 
1946 
1947 
194% 
1949 


1950 


Year 
1941 

1942 
1945 
1944 

1945 
1946 
1947 

194% 
1949 
1950 


Avy 


Year 
1936 
1937 
193% 
1939 
1940 
1941 
1942 
1943 
1944 
1945 


WEST 


wh 


WEPAWAUG 


Record 


& 


Record: 


HARTFORD, 


Mar 
2.44 


6.62 


LAND, 


CONN. 
Record 


RAINFALL IN NE 


RESERVOIR, CONN. 


November, 


Apr May 
09 
29 


June 


WESTBROOK 
January, 1941, 
May 


Apr June 


(West Hartfor 
January, 1868, 


May June 


CONN 
ord 


(Hartford 


January, 1936, 
June 
3.76 
6.18 
7.41 
3.02 


6.60 


1914, 


W ENGLAND 


(Orange)—-Elevation 190 


to December, 1950 
July Aug 


Sept. Oct. 


CONN 


to December, 1950 


July Aug. Sept 


No. 1) 
1950 


d Reservoir 
to December, 
Sept 
1.1% 


Oct. 
1.76 
4.20 


Aug 
2.76 


4.63 


July 
4.42 


5.00 


ot 


Water 
to 


Elevation 
1950 


Bureau) 
December, 
Oct. 
4.21 
5.95 
1.93 
4.65 
2.37 
2.53 
4.04 


5.99 


July Sept. 
3.16 
3.81 

12.90 
1.86 
3.0% 
2.45 


4.74 


Aug 
4.69 


feet 


5.03 


Elevation 


Nov. 
3.5% 


1,180 


Nov. 
1.70 
5.64 
3.66 
1.80 
6.10 
3.47 
5.92 
5.56 
6.41 
4.40 


Dec 

5.84 
1.56 
4.22 
6.00 
2.64 
2.74 
7.00 
3.1% 


4.39 


Annua! 
53.72 
19. 
44.67 
47.42 
37.77 
47.00 
54.29 
43.25 


44.50 


45.85 


Annus 


. Annual! 


feet 


Dec. 
5.45 
2.03 


2.93 


35.74 


15.7 
53.1 


Annual 
48.458 
51.67 


57.09 


160 
Jan Feb Mar nz Nov. 
2.41 4.11 8.35 2.85 565 866 2.44 3.38 4.92 
2.65 06 5.4% 3.53 3.68 1.36 1.70 5.27 4.38 
2.6% 90 K.4K 4.41 1.04 1.37 0.54 1.26 11.15 1.87 5.65 
2.11 10 2.21 3.73 6.4% 2.29 5.91 3.81 3.36 2.34 5.4% 
2.44 1.6% 1.85 6.16 4.20 3.54 6.41 4.90 1.62 1.71 
2.91 73 3.95 4.04 4.49 4.33 5.46 2.7% 2.67 3.24 7.76 
4.61 #2 5.22 5.57 7.83 4.44 4.0% 4.14 0.2% 2.29 7.11 
6.5% 17 4.24 4.51 7.71 0.1% 3.17 2.61 4.85 1.93 2.17 
4.20 £99 4.46 3.46 4.4% 4.01 4.40 6.40 1.2% 2.12 4.71 
Avy. 
47 4.72 1.94 4.92 4.00 4.98 3.90 4.22 4.26 2.96 157 
Jan Feb Mar. Nov Dec. | 
4.10 1.87 4.19 1.30 i 4.35 5.06 2.60 0.07 2.79 3.65 3.82 34.24 
: $40 7.21 101 5 2.94 5.49 6.47 1.93 3.64 5.58 6.70 51.29 
: 4.66 2.09 4.20 3.65 2 4.54 4.06 1.6% 0.74 4.75 3.62 1.90 36.4] 
2.92 2.09 4.96 2.5% 1.15 1.14 2.26 9.62 4.21 45.62 
; 2.32 4.04 2.63 4.61 2 4.76 2.2% 4.52 2.68 2.56 5.2% 5.64 45.24 
43.45 4.08 1.95 2.14 ; 3.01 2.28 6.52 2.92 0.95 1.48 2.48 37.71 
: 4.1% 1.32 2.34 5.44 5 2.56 3.15 7.46 2.72 2.44 8.27 2.69 46.17 
: 4.12 2.40 5.19 4.1% 9 4.17 2.92 1.12 0.34 2.48 5.86 5.59 45.96 
6.45 2.45 4.70 2.97 0.10 1.76 4.72 2.96 3.00 3.59 39.61 
3.85 4.44 2.56 2.53 3 2.89 4.11 4.54 0.99 2.42 3.98 4.49 40.83 
Zz. 3.63 2.70 3.75 4.34 4.59 4.26 2.85 2.52 2.71 4.05 42.31 
Year Jan. Feb Apr Dec 
; 1941 2.42 3.43 1.01 344 4.76 4.54 | | 
1942 3.37 4.37 0.73 4.51 4.36 3.67 6.37 6.28 
: 1943 2.99 2.2% 4.13 2.92 5.92 2.97 1.67 0.97 6.12 4.46 0.85 . 
1944 1.69 2.03 4.96 5.22 1.25 3.54 “= 3.38 7.70 2.42 6.55 345 44.35 
1945 00 2.61 5.51 5.31 
: 1946 2.44 2.55 1.3% 2.5% 6.20 4.18 3.99 5.26 2.80 1.49 1.42 1.96 35.25 
1947 1.67 2.87 4.05 4.69 4.92 75 2.37 3.23 2.64 6.58 2.32 
194% 3.59 1.85 4.53 4.01 6.17 3.30 0.30 1.91 6.23 4.99 46.86 
1949 5.24 2.60 2.65 4.42 5.73 0.79 Wy 2.61 4.27 2.12 2.05 3.39 38.86 
1950 4.05 4.66 $20 2.86 3.68 5.81 5 4.71 1.00 2.17 6.47 4.20 46.76 
Av 
KO Yrs 4.50 3.23 3.79 4.42 4.64 4.51 3.99 4.26 4.64 4.54 3.71 3.39 43.62 
WEST HART HR 
Rec 
Jan Feb Mar. Apr 
6.35 2.63 3.66 
3.07 3.75 4.07 
1.83 2.20 3.55 =| 
70 3.25 4.24 4.70 2.60 35.33 
ADS 4.15 4.70 5.81 5.61 5.11 2.60 46.40 
15 50 1.92 1.17 4.16 5.30 $3.60 38.49 
.25 6.69 0.82 6.10 4.55 6.24 5.35 51.10 
22 63 4.13 3.60 5.67 3.76 5.37 71 2.80 tz 0.62 42.06 
1.36 Ox 4.40 3.86 1.75 6.70 3.92 en 7.65 2.22 4.13 47.29 
4.49 90 2.33 5.72 7.72 mm 6.39 41 3.52 2.78 4.38 57.04 
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WEST HARTLAND, CONN. (Continued) 


Year Jan. Feb. Mar. Apr. May June July Sept. Oct Nov Dec. Annual 
1946 2.85 3.01 1.80 2.22 7.23 3.15 5.10 4.29 2.00 1.25 2.87 $8.42 
1947 2.88 3.04 4.17 4.11 6.03 3.55 6.39 4.00 2.51 9 2.81 47.94 
1948 3.54 1.91 3.94 3.00 5.78 6.02 1.26 2.28 ».09 8.60 46.64 
1949 6.60 1.97 3.43 3.35 5.54 1.37 4.12 55 1.74 1.46 4.05 38.70 
1950 4.29 4.85 2.78 4.01 4.63 4.00 1.99 2.05 7.89 5.37 

Av. 

14 Yrs. 3.64 3.94 347 4.82 4.75 4.75 3.00 4.22 $16 4.20 1.64 46.18 


WHIGVILLE RESERVOIR, CONN. (Burlington) Elevation 570 feet 


Record: January, 1921, to December, 1950 


Year Feb Mar. Apr May June July Aug Sept Oct Nov Dee. Annual 

1942 3.88 6.40 0.69 4.65 5.84 4.40 4.09 2.89 2.68 6.32 5.9% 1.67 

1943 1.78 3.85 2.91 6.50 4.99 2.89 1.45 1.86 >. RS 4.71 O8T 40.01 

1944 1.99 4.72 3.93 1.97 3.78 3.04 0.9% 4.41 2.13 6.15 64 42.71 

1945 4.15 2.66 5.58 6.99 3.88 6.53 5.44 4.13 2.42 ».55 ».27 6.42 | 

1946 2.49 1.67 2.43 §.42 3.25 4.64 4.44 $.55 2.02 1.46 2.40 7.74 i 

1947 2.54 3.07 4.03 4.62 4.64 6.54 2.97 05 2.47 7.30 2 6 46.12 j 

194% 2.10 3.68 4.03 6.24 6.44 2.64 2.92 0.42 > 49 6.50 6.99 47.28 1 

1949 2.71 2.76 4.16 6.14 O64 4.23 1.82 +58 2.20 1.72 93 41.20 | 

1950 3.95 3.05 $.13 $40 4.54 4.50 1.70 207 5.60 47.75 

Ay 

30 Yrs 3.65 2.83 3.39 3.83 4.13 3.98 4.21 3.70 KS OF 1.02 3.45 44.10 

WIGWAM RESERVOIR, CONN (Thomaston) Elevation 576 feet 
Reeord: January, 1924, to December, 1950 

Year Jan Feb. Mar Apr May June July Aug Sept Oct Nov Dec. Annual 

1942 3.67 TIT O97 6.23 4.13 4.24 4,03 3.60 6.24 7.20 53.90 

1943 1.70 3.81 3.46 822 3.71) 3.59 1.96 2.24 4.96 4.61 1.00 42.95 

1944 2.05 ».23 4.41 2.12 4.45 O.84 7.50 2.11 6.35 1.70 44.47 

1945 7.26 5.42 2.90 5.43 5.92 

1946 2.56 3.11 2.39 6.26 3.03 5.68 5.43 6.34 1.60 1.61 2.67 42.65 | 

1947 2.80 3.11 4.08 447 4.60 1.27 $10 61.52 6.99 8.62 44.44 

1948 3.78 2.36 4.79 7.31 5.58 2.63 2.58 0.36 2.40 9.08% 49.73 

1949 6.06 3.25 5.36 0.78 60 4.43 4.90 2 38 1.91 1.77 

1950 2.71 7.26 4.42 4.47 1.50 1.46 6.49 ».14 

Avy 

24 Yrs 3.66 3.21 3.77 3.78 4.22 4.04 4.16 4.44 4.06 2.48 4.20 4.59 46.41 

WOLCOTT, CONN. (Wolcott Reservoir) Elevation 76 feet 
Record: January, 1930, to December, 1950 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct Nov Dee. Annual 

1941 2.94 4.93 2.25 1.41 2.67 4.42 4.0% 4.59 0.92 4.16 $35 5.24 49.41 

1942 3.56 5.17 7.87 0.98 4.64 4.06 4.96 7.14 $87 40 6.79 7.67 58.01 

1943 3.61 2.51 4.45 3.31 6.48 4.43 2.41 1.62 1.17 6.49 5.19 1.07 41.64 

1944 2.51 2.2% 5.47 4.52 2.14 2.59 3.98 1.45 9.96 2.22 6.65 4.14 47.81 

1945 6.76 4.51 96 6.01 ».96 

1946 2.49 2.43 2.03 2.78 K.11 4.00 4.61 6.82 4.02 2.01 2.23 291 44.44 

1947 2.91 3.43 4.70 4.90 5.61 5.54 6.88 2.70 $45 2.37 9.34 1.46 64.19 

194% 4.57 2.34 4.40 5.21 ».91 3.42 2.56 0.47 2.76 7.27 4.41 65.22 

1949 7.92 2.98 2.97 5.71 0.61 4.94 7.2 5.09 2.57 2.17 4.56 62.71 

1950 4.3 4.06 4.00 3.55 4.29 4A4l 5.42 1.53 2.46 7.98 6.90 51.17 

Av. 


20 Yrs. 4.27 3.20 4.47 4.06 4.62 4.40 4.20 4.11 4.42 4.16 4.6% 4.20 49.69 
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PROCEEDINGS 


FEBRUARY 1957 MEETING 
STATLER, Boston, MAss. 


THURSDAY, FEBRUARY 21, 1957 


President Edward L. Tracy in the Chair. 


Secretary Knox announced the election of the following to mem- 
bership in the Association: 


Edward F. Capaldi, Sewer and Water Works Construction, Paw- 
tucket, R. I.; Morris M. Cohn, Editorial Director, “Water Works 
Engineering’, New York, N. Y.; Robert E. Galipeau, Foreman, Water 
Department, North Adams, Mass.; Robert T. Koopman, Project En- 
gineer, Metcalf & Eddy, Boston, Mass.; William W. Wedge, Service 
Supervisor, Bridgeport Hydraulic Co., Bridgeport, Conn.; Walter M. 
White, Superintendent of Distribution, Water Department, North 
Attleborough, Mass.: George R. Winters, Director of Public Works, 
Wakefield, Mass.; Donald H. Bodge, Assistant Superintendent, Port- 
land Water District, Portland, Me. 


Papers in connection with the water-system improvements at 
Taunton, Mass., were read as follows: 


“Water-System Improvements, Taunton, Mass.,”’ by Thomas B. 
Williams, Jr., Superintendent, Water Department, Taunton, Mass.; 
“How the Pumping Station Was Modernized,” by Frank J. Turnbull, 
Senior Mechanical Engineer, Fay, Spofford & Thorndike, Inc., Bos- 
ton, Mass.; “The Distribution Reservoir,” by Fozi M. Cahaly, Direc- 
tor, Fay, Spofford & Thorndike, Inc., Boston, Mass. 
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PROCEEDINGS 


Marcu 1957 MEETING 
STATLER, Boston, MAss. 


THURSDAY, MARCH 21, 1957 


President Edward L. Tracy in the Chair. 


PRESIDENT TrAcy. Two members of the New England Water 
Works Association have died. Horace L. Clark died March 3, 1957. 
He joined the New England Water Works Association in 1929 and 
was President during the years 1943-44. Also Carleton E. Davis died 
in January of this year in Philadelphia. He became a member in 
1902 and was President in 1918. May I ask that you all stand for 
just a moment. (The members stand.) 


Secretary Knox announced the election by the Executive Com- 
mittee of the following new members: 


Henry G. Quinn, Water Commissioner, East Chelmsford, Mass.; 
William H. Spaulding, Jr., Superintendent, Water Department, Lin- 
coln, R. I.; Lawrence K. Engdahl, Water Engineer, Milton, Mass. 


On motion of Richard H. Ellis, duly seconded, it was Vorrp that 
the last five preceding Presidents of this association be members of 
the Nominating Committee, with the provision that Mr. Almquist be 
Chairman. 


A talk on “Water and Its Importance in a Resource Develop 
ment Program” was given by Francis W. Sargent, Commissioner, 
Massachusetts Department of Natural Resources, Boston, Mass. 


A paper on “A Water Resource Program for Massachusetts’ was 
read by Clarence I. Sterling, Jr., Engineering Consultant, Massachu 
setts Water Resources Commission, Boston, Mass. 


amare 
—— 
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STRENGTH AND THICKNESS OF CAST IRON PIPE 


MANUAL FOR THE COMPUTATION OF STRENGTH AND 
THICKNESS OF CAST IRON PIPE 


On February 21, 1957, the Executive Committee of the New 
England Water Works Association voted approval of a document, 
designated “ASA A21.1—-1956 (AWWA C101—56)” and entitled 
“Proposed Revision—American Recommended  Practice—Manual 
for the Computation of Strength and Thickness of Cast Iron Pipe.” 
This Manual contains a total of 171 pages, of which 119 pages are 
applicable to water pipe and the rest to gas pipe only. 


Copies of the Manual are available for reference at the office of 
the New England Water Works Association, 73 Tremont St., Bos- 
ton 8, Mass. 
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AWWA C600-54T 
(Formerly 7D.1-T) 


American Water Works Association 


Tentative 


Standard Specifications 


for 


INSTALLATION OF CAST-IRON 
WATER MAINS 


These “Tentative Standard Specifications for In 
stallation of Cast-Iron Water Mains” are based 
upon the best known experience and are intended 
for use under normal conditions. They are not 
designed for unqualified use under all conditions 
and must be reviewed by the engineer responsible 
for the construction and modified as necessary to 
meet specific conditions pertaining to each indi- 
vidual installation. 


Approved as Tentative by the Board of Directors of the A.W.W.A., June 3, 1949 
Approval confirmed by the Executive Committee of the Board, November 14, 1949 


Revised May 27, 1954 


AMERICAN WATER WORKS ASSOCIATION 


Incorporated 


2 Park Avenue, New York 16, N.Y. 
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Introduction 


General 


Standard specifications governing the 
construction of new water mains and the 
extension of existing mains must of 
necessity differ from specifications pre- 
pared for any particular project.  Al- 
though both should include subject matter 
pertaining to the required work, materials 
and methods of construction, the latter 
can be made complete for any particular 
project by including therein a detailed 
description of the specific work, materials 
and methods applicable to that project. 
However, standard specifications, to be 
complete and serve their purpose, should 
include a detailed description of the sev- 
eral acceptable materials and methods of 
construction recognized as_ standard. 
Consequently, although the specifications 
for a particular project can be used with- 
out further supplementation, standard 
specifications must be accompanied by an 
appendix or addendum. 


Standard Specifications and Addendum 


The AWWA Specifications for Instal- 
lation of Cast-Iron Water Mains can be 
made applicable to all water main con- 
struction projects by being supplemented 
with an adequate addendum for each 


project. The specifications presented 
herein include the various materials and 
methods of construction recognized as 
standard. The addendum, which must be 
prepared by the engineer, designates 
which of these various materials and 
methods of construction are to apply to 
a particular project. The addendum can 
also be expanded to cover work and ma- 
terials not included in the specifications 
themselves 


Outline of Addendum 


The “Outline of Addendum” included 
herein is intended to guide and aid the 
engineer in the preparation of the ad- 
dendum to accompany the AWWA 
Specifications for the Installation of Cast- 
Iron Water Mains. 


Limits of AWWA Specifications 


These specifications cover several pro- 
cedures for laying and testing a system 
of water mains and for the furnishing of 
sheeting, blocking and joint materials in- 
cidental thereto. They do not cover the 
furnishing and delivery of pipes, castings, 
fittings, valves and hydrants by manu- 
facturers, or the laying and jointing of 
any pipe other than cast iron. 

These specifications do not include the 
detailed procedure for the disinfection of 
water mains following their construction. 
However, reference is made to a separate 
document prepared and approved by the 
AWWA, entitled “A Procedure for Dis- 
infecting Water Mains—AWWA C601.” 


Use of AWWA Specifications 


It is contemplated that the A.W.W.A. 
Specifications for Installation of Cast- 
Iron Water Mains may be of service in 
their published form as a part of the 
specifications to be incorporated in the 
contract documents. If it is decided to 
so use them, a statement having the fol- 
lowing import should be made under the 
title “Specifications” : 

The water mains shall be laid and the 
work incidental thereto performed in ac- 
cordance with the Specifications for In- 
stallation of Cast-Iron Water Mains 
adopted by the American Water Works 
Association on June 3, 1949, and the 
Addendum attached hereto. 


General Requirements 


Since the contract documents for the 
construction of any project include among 
them the “General Requirements,” it is 
recommended that the definitions, notices 
and permits, regulations, schedule of 
minimum wages, means of measurement 
and payment for work on unit basis and 
as extra work, and similar items not 
covered by these specifications be in- 
cluded therein. 
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Sec. 1.1—General 


These specifications and the ad- 
denda attached hereto form a part of 
the contract documents. 


Sec. 1.2—Work Included 


The contractor shall, unless speci- 
fied otherwise, furnish all material, 
equipment, tools and labor necessary 
to do the work required under this 
contract and unload, haul and dis- 
tribute all pipe, castings, fittings, 
valves, hydrants and accessories. The 
contractor shall also remove the 
pavement as stipulated; excavate the 
trenches and pits to the required <i- 
mensions; excavate the bell holes; 
construct and maintain all bridges for 
traffic control; sheet, brace and sup- 
port the adjoining ground or struc- 
tures where necessary; handle all 
drainage or ground water; provide 
barricades, guards and warning lights; 
lay and test the pipe, castings, fittings, 
valves, hydrants and accessories ; back- 
fill and consolidate the trenches and 
pits; restore the roadway surface un- 
less otherwise stipulated; remove sur- 
plus excavated material; clean the site 
of the work; and maintain the street 
or other surface over the trenches as 
specified. 


Tentative Standard Specifications for 
Installation of Cast-Iron Water Mains 


Section 1—Scope 
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The contractor shall also furnish all 
equipment, tools, labor and materials 
required to rearrange branch connec- 
tions to main sewers, or to rearrange 
sewers, conduits, ducts, pipes or other 
structures in accordance with the 
contract drawings and stipulations in- 
cluded herein. 


Sec. 1.3—General Description of 
Work to Be Done 


See Addendum Sec. 1.3. 
Sec. 1.4—Schedule of Progress and 


Completion 
See Addendum Sec. 1.4. 


Sec. 1.5—List of Contract Drawings 
See Addendum Sec. 1.5. 

Sec. 1.6—Special Work to Be 
Performed 
See Addendum Sec. 1.6. 

Sec. 1.7—Materials to Be Furnished 
by Owner 
See Addendum Sec. 1.7. 

Sec. 1.8—Materials to Be Furnished 
by Contractor 
See Addendum Sec. 1.8. 


Sec. 1.9—Water Used 
See Addendum Sec. 1.9. 
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Sec. 2.1—Shop Inspection 


All materials furnished by the con- 
tractor are subject, at the discretion of 
the owner, to inspection and approval 
at the plant of the manufacturer. See 
Addendum Sec. 2.1. 


Sec. 2.2—Field Inspection 


All pipe and accessories shall be 
laid, jointed and tested under pressure 
for defects and leakage in the manner 
specified and in the presence of and 
as approved by the engineer. 


Sec. 3.1—Responsibility for Material 
Furnished by Contractor 


The contractor shall be responsible 
for all material furnished by him and 
shall replace at his own expense all 
such material found defective in manu- 
facture or damaged in handling after 
delivery by the manufacturer. This 
shall include the furnishing of all mate- 
rial and labor required for the replace- 
ment of installed material discovered 
defective prior to the final acceptance 
of the work. 


Sec. 3.2—Responsibility for Material 
Furnished by Owner 


The contractor's responsibility for 
material furnished by the owner shall 
begin at the point of delivery thereof 
to said contractor. Materials already 
on the site shall become the contrac- 
tor’s responsibility on the day of the 
award of the contract. The contractor 
shall examine all material furnished by 
the owner at the time and place of 
delivery to him and shall reject all de- 
fective material. Any material fur- 
nished by the owner and installed by 
the contractor without discovery of 
such defects will, if found defective 


AWWA SPECIFICATIONS 


Section 2—Inspection 


Section 3—Responsibility for Material 


Sec. 2.3—Disposition of Defective 
Material 


All material found during the prog- 
ress of the work to have cracks, flaws 
or other defects will be rejected by the 
engineer. All defective materials fur- 
nished by the contractor shall be 
promptly removed by him from the 
site. Any material furnished by the 
owner and found defective shall be set 
aside and removed from the site of the 
work by the owner. 


prior to final acceptance of the work, 
be replaced with sound material by the 
owner. The contractor, however, shall, 
at his own expense, furnish all sup- 
plies, labor and facilities necessary to 
remove said defective material and in- 
stall the sound material in a manner 
satisfactory to the engineer. 


Sec. 3.3—Responsibility for Safe 
Storage 


The contractor shall be responsible 
for the safe storage of material fur- 
nished by or to him, and accepted by 
him, and intended for the work, until 
it has been incorporated in the com- 
pleted project. The interior of all 
pipe, fittings and other accessories 
shall be kept free from dirt and foreign 
matter at all times. Valves and hy- 
drants shall be drained and stored in 
a manner that will protect them from 
damage by freezing. 


Sec. 3.4—Replacement of Damaged 
Material 


Any material furnished by the 
owner that becomes damaged after ac- 
ceptance by the contractor shall be re- 
placed by the contractor at his own 
expense. 
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Sec. 4.1—Hauling 


All materials furnished by the con- 
tractor shall be delivered and dis- 
tributed at the site by the contractor. 
Materials furnished by the owner shall 
be picked up by the contractor at 
points designated in Addendum Sec. 
4.1 and hauled to and distributed at 
the site. 

Cast-iron pipe, fittings, valves, hy- 
drants and accessories shall be loaded 
and unloaded by lifting with hoists or 
skidding so as to avoid shock or dam- 
age. Under no circumstances shall 
such materials be dropped. Pipe han- 
dled on skidways shall not be skidded 
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Section 4—Handling of Material 
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or rolled against pipe already on the 
ground. 


Sec. 4.2—At Site of Work 


In distributing the material at the 
site of the work, each piece shall be 
unloaded opposite or near the place 
where it is to be laid in the trench. 


Sec. 4.3—Care of Pipe Coating and 

Lining 

Pipe shall be so handled that the 
coating and lining will not be damaged. 
If, however, any part of the coating or 
lining is damaged, the repair shall be 
made by the contractor at his ex- 
pense in a manner satisfactory to the 
engineer. 


Section 5—Alignment and Grade 


Sec. 5.1—General 


The water main shall be laid and 
maintained to the required lines and 
grades with fittings, valves and hy- 
drants at the required locations; spig- 
ots centered in bells; and all valves 
and hydrant stems plumb. 


Sec. 5.2—Deviations Occasioned by 
Other Structures 


Wherever obstructions not shown 
on the plans are encountered during 
the progress of the work and interfere 
to such an extent that an alteration in 
the plan is required, the engineer shall 
have the authority to change the plans 
and order a deviation from the line and 
grade or arrange with the owners of 
the structures for the removal, reloca- 
tion or reconstruction of the obstruc- 
tions. If the change in plans results 
in a change in the amount of work by 
the contractor, such altered work shall 
be done on the basis of payment to the 
contractor for extra work or credit to 
the owner for less work. (See Note 


5.2.) 


Sec. 5.3—Caution in Excavation 


The contractor shall proceed with 
caution in the excavation and prepara- 
tion of the trench so that the exact 
location of underground structures, 
both known and unknown, may be de- 
termined, and he shall be held respon- 
sible for the repair of such structures 
when broken or otherwise damaged 
because of carelessness on his part. 


Sec. 5.4—Subsurface Explorations 


Whenever, in the opinion of the 
engineer, it is necessary to explore and 
excavate to determine the location of 
existing underground structures, the 
contractor shall make explorations and 
excavations for such purposes. If the 
contractor is required to perform addi- 
tional work in making the explorations 
and excavations, extra compensation 
will be allowed for such additional 
work. 


Sec. 5.5—Depth of Pipe 


All pipe shall be laid to the depth 
shown on the contract drawings or as 
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required in Addendum Sec. 5.5. Any 
variation therefrom shall be made only 
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at the order of the engineer. 


Note 5.5.) 


(See 


Section 6—Excavation and Preparation of Trench 


Sec, 6.1—Description 


The trench shall be dug so that the 
pipe can be laid to the alignment and 
depth required, and it shall be exca- 
vated only so far in advance of pipe- 
laying as specified in Addendum Sec. 
6.1 or permitted by the engineer. The 
trench shall be so braced (Sec. 6.13 
(p. 6)) and drained that the work- 
men may work therein safely and ef- 
ficiently. It is essential that the dis- 
charge of the trench dewatering pumps 
be conducted to natural drainage chan- 
nels, drains or sewers. 


Sec. 6.2—Width of Trench 


The width of the trench shall be 
ample to permit the pipe to be laid and 
jointed properly, and the backfill to 
be placed and compacted as specified. 
Trenches shall be of such extra width, 
when required, as will permit the con- 
venient placing of timber supports, 
sheeting and bracing, and handling of 
specials. See Addendum Sec. 6.2 and 
Note 6.2. 


Sec. 6.3—Bell Holes 


Bell holes shall be provided at each 
joint to permit the jointing to be made 
properly. 


Sec. 6.4—Pipe Clearance in Rocks 


Ledge rock, boulders and large 
stones shall be removed to provide a 
clearance of at least 6 in. below and on 
each side of all pipe, valves and fittings 
for pipes 24 in. in diameter or less, 
and 9 in. for pipes larger than 24 in. 
in diameter. 

The specified minimum clearances 
are the minimum clear distances which 
will be permitted between any part of 
the pipe and appurtenances being laid 


and any part, projection or point of 
such rock, boulder or stone. 


Sec. 6.5—Excavation to Grade 


The trench shall be excavated to the 
depth required so as to provide a uni- 
form and continuous bearing and sup- 
port for the pipe on solid and undis- 
turbed ground at every point between 
bell holes, except that it will be per- 
missible to disturb and otherwise dam- 
age the finished surface over a maxi- 
mum length of 18 in. near the middle 
of each length of pipe by the with- 
drawal of pipe slings or other lifting 
tackle. Any part of the bottom of the 
trench excavated below the specified 
grade shall be corrected with approved 
material, thoroughly compacted as di- 
rected by the engineer. The finished 
subgrade shall be prepared accurately 
by means of hand tools. 

The subgrade beneath the centerline 
of the pipe shall be finished to within 
0.03 ft. of a straight line between pipe 
joints or batter boards, and all toler- 
ances shall be above the specified 
grade. 

If, in the opinion of the engineer, 
soil conditions are encountered at sub- 
grade which require all or part of the 
work to be done in accordance with 
Sec. 6.6, the engineer shall have the 
authority to order the work to be so 
done, and the contractor will be al- 
lowed extra compensation for the addi- 
tional work. See Sec. 6.10 (p. 6) 
and Addendum Sec. 6.5; see also Note 
6.5 (a) and Note 6.5 (b). 


Sec. 6.6—Excavation Below Grade 


The trench shall be excavated to at 
least 3 in. and not more than 6 in 
below the specified grade. 


Before the 
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pipe is laid, the subgrade shall be made 
by backfilling with an approved mate- 
rial in 3-in. uncompacted layers. The 
layers shall be thoroughly tamped as 
directed by the engineer so as to pro- 
vide a uniform and continuous bearing 
and support for the pipe at every point 
between bell holes, except that it will 
be permissible to disturb and otherwise 
damage the finished surface over a 
maximum length of 18 in. near the 
middle of each length of pipe by the 


‘withdrawal of pipe slings or other 


lifting tackle. The finished subgrade 
shall be prepared accurately by means 
of hand tools. 

The subgrade beneath the centerline 
of the pipe shall be finished to within 
0.03 ft. of a straight line between pipe 
joints or batter boards, and all toler- 
ances shall be above the specified 
grade. See Sec. 6.10 (p. 6) and Ad- 
dendum Sec. 6.6; see also Note 6.5 (a) 
and Note 6.6. 


Sec. 6.7—Excavation in Poor Soil 
and Refilling to Grade 


Where the bottom of the trench at 
subgrade is found to be unstable or 
to include ashes, cinders, all types of 
refuse, vegetable or other organic 
material, or large pieces or fragments 
of inorganic material which in the 
judgment of the engineer should be 
removed, the contractor shall excavate 
and remove such unsuitable material 
to the width and depth ordered by the 
engineer. Before the pipe is laid, the 
subgrade shall be made by backfilling 
with an approved material in 3-in. un- 
compacted layers. The layers shall be 
thoroughly tamped as directed by the 
engineer so as to provide a uniform 
and continuous bearing and support 
for the pipe at every point between bell 
holes, except that it will be permissible 
to disturb and otherwise damage the 
finished surface over a maximum 
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length of 18 in. near the middle of each 
length of pipe by the withdrawal of 
pipe slings or other lifting tackle. The 
finished subgrade shall be prepared ac- 
curately by means of hand tools. 

The subgrade beneath the centerline 
of the pipe shall be finished to within 
0.03 ft. of a straight line between pipe 
joints or batter boards, and all toler- 
ances shall be above the specified 
grade. 

The contractor will be allowed extra 
compensation for the additional work. 
See Sec. 6.10 and Note 6.5 (a). 


Sec. 6.8—Special Foundation in Poor 

Soil 

Where the bottom of the trench at 
subgrade is found to consist of mate- 
rial which is unstable to such a degree 
that, in the opinion of the engineer, it 
cannot be removed and replaced with 
an approved material thoroughly com- 
pacted in place to support the pipe 
properly, the contractor shall construct 
a foundation for the pipe, consisting of 
piling, timbers or other materials, in 
accordance with plans prepared by the 
engineer. Extra compensation will be 
allowed for the additional work. 


Sec. 6.9—Subgrade in Rock 
Trenches 


Where excavation is made in rock 
or boulders and the clearance specified 
in Sec. 6.4 is provided, the subgrade 
shall be made by backfilling with an 
approved material in 3-in. uncom- 
pacted layers. The layers shall be 
thoroughly tamped as directed by the 
engineer so as to provide a uniform 
and continuous bearing and support 
for the pipe at every point between bell 
holes, except that it will be permissible 
to disturb and otherwise damage the 
finished surface over a maximum 
length of 18 in. near the middle of 
each pipe length by the withdrawal of 


a 

| 

| 

e 

h 

e 

it 

1 


6 AWWA SPECIFICATIONS 


pipe slings or other lifting tackle. 
The finished subgrade shall be pre- 
pared accurately with hand tools. 

The subgrade beneath the centerline 
of the pipe shall be finished to within 
0.03 ft. of a straight line between pipe 
joints or batter boards, and all toler- 
ances shall be above the specified 
grade. See Sec. 6.10. 


Sec. 6.10—Subgrade for Blocking 


Where blocking is ordered in ac- 
cordance with Sec. 8 (p. 9), the trench 
shall be excavated to at least 2 in. and 
not more than 4 in. below the specified 
grade and the blocking laid as speci- 
fied.* 

Where, in the opinion of the engi- 
neer, the bottom of the trench at sub- 
grade is found to be unsuitable for 
blocking, the engineer shall have the 
authority to order additional excava- 
tion and backfilling with an approved 
material, which shall be placed in 3-in. 
uncompacted layers and thoroughly 
tamped to an elevation of 2 in. below 
the specified grade so as to support the 
blocking properly. 

The contractor will be allowed extra 
compensation for the additional work. 
See Addendum Sec. 6.10 and Note 
6.5 (a). 


Sec. 6.11—Rock Excavation 


The word “rock,” wherever used as 
the name of an excavated material, 
shall mean boulders and pieces of con- 
crete or masonry exceeding 250 Ib. in 
weight, or solid ledge rock and ma- 
sonry which, in the opinion of the 
engineer, requires for its removal drill- 
ing and blasting, wedging, sledging or 
barring, or breaking up with a power- 
operated hand tool. No soft or dis- 
integrated rock which can be removed 
with a hand pick or power-operated 
excavator or shovel; no loose, shaken 


“a Blocking is not recommended. See p. 9. 


or previously blasted rock or broken 
stone in rock fillings or elsewhere, 
and no rock exterior to the minimum 
limits of measurement allowed, which 
may fall into the excavation, will be 
measured or allowed. 


Sec. 6.12—Blasting 


Blasting for excavation will be per- 
mitted only after securing the approval 
of the engineer and only when proper 
precautions are taken for the protec- 
tion of persons or property. The 
hours of blasting will be fixed by the 
engineer. Any damage caused by 
blasting shall be repaired by the con- 
tractor at his expense. The contrac- 
tor’s methods of procedure in blasting 
shall conform to state laws and munici- 
pal ordinances. 


Sec. 6.13—Braced and Sheeted 
Trenches 


Open-cut trenches shall be sheeted 
and braced as required by any govern- 
ing state laws and municipal ordi- 
nances, and as may be necessary to 
protect life, property or the work. 
When close sheeting is required, it 
shall be so driven as to prevent adja- 
cent soil from entering the trench 
either below or through such sheeting. 
Where sheeting and bracing are used, 
the trench width shall be increased 
accordingly. 

The engineer reserves the right to 
order the sheeting driven to the full 
depth of the trench or to such addi- 
tional depths as may be required for 
the protection of the work. Where the 
soil in the lower limits of a trench has 
the necessary stability, the engineer, at 
his discretion, may permit the con- 
tractor to stop the driving of sheeting 
at some designated elevation above the 
trench bottom. The granting of per- 


mission by the engineer, however, shall 
not relieve the contractor in any de- 


gree from his full responsibility under 
the contract. 

Sheeting and bracing which have 
been ordered left in place must be re- 
moved for a distance of 3 ft. below 
the established street grade or the ex- 
isting surface of the street, whichever 
is lower. Trench bracing, except that 
which must be left in place, may be 
removed when the backfilling has 
reached the respective levels of such 
bracing. Sheeting, except that which 
has been left in place, may be removed 
after the backfilling has been com- 
pleted or has been brought up to such 
an elevation as to permit its safe re- 
moval. Sheeting and bracing may be 
removed before flushing the trench, 
but only in such manner as will insure 
the adequate protection of the com- 
pleted water structures and adjacent 
underground or surface structures, 
and prevent the disturbance of adja- 
cent ground. 

The cost of furnishing, placing and 
removing the sheeting and bracing and 
the leaving in place of sheeting and 
bracing indicated on the plans shall be 
included in the price bid for the work. 
When sheeting and bracing have been 
ordered by the engineer, or when such 
sheeting and bracing have been or- 
dered left in place by the engineer, the 
payment for same shall be as an extra. 
When sheeting and bracing have been 
ordered left in place, payment for same 
shall include the upper 3 ft. or “cut- 
off” section of the sheeting. 


Sec. 6.14—Care of Surface Material 
for Reuse 


All surface materials which, in the 
opinion of the engineer, are suitable 
for reuse in restoring the surface shall 
be kept separate from the general ex- 
cavation material, as directed by the 
engineer. 
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Sec. 6.15—Piling Excavated 
Material 


All excavated material shall be piled 
in a manner that will not endanger the 
work and that will avoid obstructing 
sidewalks and driveways. Hydrants 
under pressure, valve pit covers, valve 
boxes, curb stop boxes, fire and police 
call boxes, or other utility controls 
shall be left unobstructed and acces- 
sible until the work is completed. 
Gutters shall be kept clear or other 
satisfactory provisions made for street 
drainage, and natural 
shall not be obstructed. 


watercourses 


Sec. 6.16—Trenching by Hand or 
Machine 


Hand methods for excavation shall 
be employed in locations shown on the 
drawings. In other locations the con- 
tractor may use trench-digging ma- 
chinery or employ hand methods. 


Sec, 6.17—Barricades, Guards and 
Safety Provisions 


To protect persons from injury and 
to avoid property damage, adequate 
barricades, construction signs, torches, 
red lanterns and guards as required 
shall be placed and maintained during 
the progress of the construction work 
and until it is safe for traffic to use the 
highway. All material piles, equip- 
ment and pipe which may serve as 
obstructions to traffic shall be en- 
closed by fences or barricades and shall 
be protected by proper lights when 
the visibility is poor. The rules and 
regulations of the local authorities re- 
specting safety shall be 
observed. 


provisions 


Sec. 6.18—Maintenance of Traffic 
and Closing of Streets 


The contractor shall carry on the 
work in a manner which will cause the 
least interruption to traffic, and may 
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close to through travel not more than 
two consecutive blocks, including the 
cross street intersected. Where traf- 
fic must cross open trenches, the con- 
tractor shall provide suitable bridges 
at street intersections and driveways. 

The contractor shall post, where di- 
rected by the engineer, suitable signs 
indicating that a street is closed and 
necessary detour signs for the proper 
maintenance of traffic. 


Sec. 6.19—Structure Protection 


Temporary support, adequate pro- 
tection and maintenance of all under- 
ground and surface structures, drains, 
sewers and other obstructions encoun- 
tered in the progress of the work shall 
be furnished by the contractor at his 
expense and under the direction of the 
engineer. The structures which may 
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have been disturbed shall be restored 
upon completion of the work. 


Sec. 6.20—Protection of Property 
and Surface Structures 


Trees, shrubbery, fences, poles and 
all other property and surface struc- 
tures shall be protected unless their 
removal is shown on the drawings or 
authorized by the engineer. When it 
is necessary to cut roots and tree 
branches, such cutting shall be done 
under the supervision and direction of 
the engineer. See Sec. 15.3 (p. 20). 


Sec. 6.21—Interruption of Service 


No valve or other control on the ex- 
isting system shall be operated for any 
purpose by the contractor. The owner 
will operate all valves, hydrants, blow- 
offs and curb stops. 


Section 7—Laying 
Sec. 7.3—Cleaning Pipe and Fittings 


Sec. 7.1—Handling of Water Main 
Material Into Trench 


Proper implements, tools and facili- 
ties satisfactory to the engineer shall 
be provided and used by the contractor 
for the safe and convenient prosecu- 
tion of the work. All pipe, fittings, 
valves and hydrants shall be carefully 
lowered into the trench piece by piece 
by means of a derrick, ropes or other 
suitable tools or equipment, in such a 
manner as to prevent damage to water 
main materials and protective coatings 
and linings. Under no circumstances 
shall water main materials be dropped 
or dumped into the trench. 


Sec. 7.2—Hammer Test 


The pipe and fittings shall be in- 
spected for defects and, while sus- 
pended above grade, be rung with a 
light hammer to detect cracks. 


All lumps, blisters and excess coal- 
tar coating shall be removed from the 
bell-and-spigot end of each pipe, and 
the outside of the spigot and the inside 
of the bell shall be wire-brushed and 
wiped clean and dry and free from oil 
and grease before the pipe is laid. 


Sec. 7.4—Laying Pipe 

Every precaution shall be taken to 
prevent foreign material from enter- 
ing the pipe while it is being placed in 
the line. If the pipe-laying crew can- 
not put the pipe into the trench and 
in place without getting earth into it, 
the engineer may require that before 
lowering the pipe into the trench, a 
heavy, tightly woven canvas bag of 
suitable size shall be placed over each 
end and left there until the connection 
is to be made to the adjacent pipe. 
During laying operations, no debris, 
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tools, clothing or other materials shall 
be placed in the pipe. 

After placing a length of pipe in the 
trench, the spigot end shall be cen- 
tered in the bell and the pipe forced 
home and brought to correct line and 
grade. The pipe shall be secured in 
place with approved backfill material 
tamped under it except at the bells. 
Pipe and fittings which do not allow a 
sufficient and uniform space for joints 
shall be removed and replaced with 
pipe and fittings of proper dimensions 
to insure such uniform space. Precau- 
tions shall be taken to prevent dirt 
from entering the joint space. 

At times when pipe laying is not in 
progress, the open ends of pipe shall 
be closed by a watertight plug or other 
means approved by the engineer. 
Joints of pipe in the trench which can- 
not be poured (see Sec. 7.5) shall be 
calked with packing to make them as 
watertight as possible. This provision 
shall apply during the noon hour as 
well as overnight. If water is in the 
trench, the seal shall remain in place 
until the trench is pumped completely 
dry. 


Sec. 7.5—Number of Pipes Laid 
Before Jointing 


Wherever the jointing material 
specified is cement, six or more lengths 
of pipe shall be in place ahead of each 
joirt before such joint is finished. 


Sec. 7.6—Cutting Pipe 


The cutting of pipe for inserting 
valves, fittings or closure pieces shall 
be done in a neat and workmanlike 
manner without damage to the pipe or 
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cement lining and so as to leave a 
smooth end at right angles to the axis 
of the pipe. 

When machine cutting is not avail- 
able for cutting pipe 20 in. in diam- 
eter or larger, the electric-arc cutting 
method will be permitted using a car- 
bon or steel rod. Only qualified and 
experienced workmen shall be used on 
this work. 

The flame cutting of pipe by means 
of an oxyacetylene torch shall not be 
allowed. 


Sec. 7.7—Bell Ends to Face Direction 
of Laying 
Pipe shall be laid with bell ends fac- 
ing in the direction of laying, unless 
directed otherwise by the engineer. 


Sec. 7.8—Permissible Deflection at 
Joints 
Wherever it is necessary to deflect 
pipe from a straight line, either in the 


vertical or horizontal plane, to avoid 
obstructions or plumb stems, or where 
long-radius curves are permitted, the 
amount of deflection allowed shall not 
exceed that required for satisfactory 
calking of the joint, and shall be ap- 


proved by the engineer. See Ad- 


dendum Sec. 7.8 and Note 7.8. 

Sec. 7.9—Railroad and Street 
Railway Crossings 
See Addendum Sec. 7.9. 

Sec. 7.10—Unsuitable Conditions for 
Laying Pipe 


No pipe shall be laid in water or 
when, in the opinion of the engineer, 
trench conditions are unsuitable. 


Section 8—Blocking 


Blocking of cast-iron pipe is not 
recommended and ts not ordinarily 
used in modern practice. When spe- 


cial conditions indicate the desirability 
of the use of blocking, the following 
statements are indicative of an accept 
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able method. These comments also 
govern the application of Sec. 6.10 and 
Note 8.3. 


Sec. 8.1—Support Required 
See Sec. 6.10 and Addendum Sec. 
8.1. 


Sec. 8.2—General 


Pipe shall be laid on wood blocking 
and held in position by wood wedges. 
Blocking and wedges shall be cut from 
sound lumber. 


Sec. 8.3—Dimensions 


The number and size of blocks shall 
be as specified in Addendum Sec. 8.3. 
(See Note 8.3.) 


Sec. 8.4—Spacing of Blocks 


Blocks shall be placed 3 ft. from the 
joint where only one block is used per 
length of pipe, 4 ft. from the joint 
where two blocks are used for pipes 
16 ft. long, and 5 ft. from the joint 
where two blocks are used for pipes 
18 ft. and 20 ft. long. 


Sec. 8.5—Placing of Wood Blocking 


Blocks shall be bedded firmly with 
uniform bearing and with the long side 
tangent and crosswise to the outside 
of the pipe barrel. Blocks shall not be 
embedded in any manhole or buttress 
or act as a support for such structures. 


Section 9a—Jointing Bell-and-Spigot Pipe 


Sec. 9a.1—Yarning or Packing 
Material 
Yarning or packing material shall 
consist of one of the following: [1] 


molded or tubular rubber rings, [2] 


asbestos rope or [3] treated paper 
All of the above materials shall 
be handled with care in order to pre- 
vent contamination and shall be dry 
when put into place in the joint. The 
material used shall be free of oil, tar 
or greasy substances. In cement 
joints, the yarning material may be 
omitted if so specified. See Addendum 
Sec. 9a.1. 


rope. 


Sec. 9a.2—Placing of Yarning 
Material 


The yarning material shall be placed 
around the spigot of the pipe and shall 
be of proper dimensions to center the 
spigot in the bell. When the spigot 
is shoved home, the yarning material 
shall be driven tightly against the in- 
side base or hub of the bell with suit- 
able varning tools. 


When a single strand of yarning 
material is used, it shall have an over- 
lap at the top of not more than 2 in. 
When more than a single strand is 
required for a joint, each strand shall 
be cut to sufficient length so that the 
ends will meet without causing over- 
lap. The ends of the strands shall 
meet on opposite sides of the pipe and 
not on the top or at the bottom. Suc- 
cessive strands of yarning material 
shall be driven home separately. 


Sec. 9a.3—Depth of Jointing 
Material 


For lead joints a space not less than 
2} in. in depth shall be left in the bell 
in pipe having a nominal diameter of 
20 in. or less; 24 in. in 24-, 30- and 
36-in. pipe; and 3 in. in pipe larger 
than 36 in. 

When cement is specified, a space 
not less than 3 in. in depth shall be left 
in the bell unless it is specified that 
the yarning material or packing shall 
be omitted. See Addendum Sec. 9a.1. 


CAST-IRON MAIN 


Sec. 9a.4—Lead Joints 
See Addendum Sec. 9a.4. 
Sec. 9a.5—Lead 


Lead for calking purposes shall con- 
tain not less than 99.73 per cent pure 
lead. Impurities shall not exceed the 
following limits : 


per cent 


Arsenic, antimony & tin together.. 0.015 
0.08 
0.02 


The producer's name or the mark of 
Lead Industries shall be clearly cast 
or stamped upon each piece of lead. 


Sec. 9a.6—Heating and Pouring of 
Lead 


Lead shall be heated in a melting pot 
kept in easy reach of the joint to be 
poured—so that the molten metal will 
not be chilled in being carried from 
the melting pot to the joint—and shall 
be brought to a proper temperature so 
that when stirred it will show a rapid 
change of color. Before pouring, all 
scum shall be removed. 
shall be made 


Each joint 
with one continuous 
pour filling the entire joint space with 
solid lead. Spongy or imperfectly 
filled joints shall be burned out and 
repoured, 


Sec. 9a.7—Position of Joint Runner 


The joint runner shall fit snugly 
against the face of the bell and the out- 
side of the pipe and shall be dammed 
with clay to form a pouring lip to pro- 
vide for filling the joint flush with the 
face and to the top of the bell. 


Sec. 9a.8—Calking Lead Joints 


After the lead has cooled to the tem- 
perature of the pipe, lead joints shall 
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be calked with pneumatic or hand tools 
operated by competent workmen, until 
such joints are thoroughly compacted 
and watertight. The finished joint 
shall show a hard and even hammered 
surface overall. Care should be taken 
not to overstrain the bells during 
calking. 


Sec. 9a.9—Cement Joints 


See Addendum Sec. 9a.9 and Note 
9a.9. 


Sec, 9a.10—Cement 


All cement shall be of an approved 
brand acceptable to the engineer and 
shall comply with the current specifi- 
cations of the American Society for 
Testing Materials. 


Sec. 9a.11—Proportions of Cement 
and Water 


One quart of cement shall be thor- 
oughly mixed with about } pint of 
water. The mixture shall be such that 
when it is tightly compressed by hand 
into a ball and the ball is broken into 
two pieces, the break shall be clean. If 
the hand is water-stained, the mixture 
is too wet. If there is evidence of 
crumbling in the break, the mixture is 
too dry. The cement mixture shall 
ring with a metallic sound while being 
calked. 


Sec. 9a.12—Cause for Rejection 


No cement shall be used after hav- 
ing been wet more than one hour or 
after its initial set. 


Sec. 9a.13—Calking Cement Joints 


Starting at the bottom, the joint 
space shall be filled with the cement 
mixture and the mixture calked. The 
remaining joint space shall then be 
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refilled and calked until the joint is 
practically flush with the face of the 
bell. The mixture shall be thoroughly 
compacted to make a watertight joint 
without overstraining the bell. 


Sec. 9a.14—Trench Water and Initial 
Set 


No water shall be allowed to touch 
the joint until the initial set has taken 
place. 


Sec. 9a.15—Joints Kept Moist Until 
Set 


Cement joints shall be covered im- 
mediately with damp burlap, or other 
material approved by the engineer, for 
the proper time to insure complete 


hydration. In cold weather, care shall 


be taken to prevent freezing of the 
cement mixture before and after the 
joint is made. 


Sec. 9a.16—Time Interval Before 

Filling Pipe 

Pipe laid with cement joints shall 
not be filled with water until a lapse 
of twelve hours after the last joint in 
any valved section has been made, and 
pressure shall not be permitted in the 
pipe until all joints have aged as pro- 
vided in Sec. 13.10. 


Norte: Certain materials are omitted 
from the preceding list, pending the 
completion of investigations now in 
progress. See Note 9a. 


Section 9b—Jointing Mechanical-Joint Pipe 


Sec. 9b.1—Prior Requirements Ap- 

ply 

The general requirements in Sec- 
tions 1-8 inclusive shall apply except 
that, where the terms “bell” and/or 
“spigot” are there used, they shall be 
considered to refer to the bell and 
spigot ends of the lengths of mechanical- 
joint pipe. 


Sec. 9b.2—Variations in Dimensions 


The outside diameter of the spigot 
end of bell-and-spigot pipe varies with 
the type, size, and class of pipe. There 
is only one joint size for each diameter 
of mechanical-joint pipe. Thus, diffi- 
culty may be met when attempts are 
made to connect existing bell-and- 
spigot lines to mechanical-joint pipe. 
When such a connection must be made, 
an adapter having a fitting bell and a 
mechanical-joint manufac- 
tured and may be used.* 


*If the existing line ends in a spigot, 
either a standard sleeve or a special fitting 


socket is 


Sec. 9b.3—Cleaning and Assembling 
Joint 


The last 8 in. outside of the spigot 
and inside of the bell of mechanical- 
joint pipe shall be thoroughly cleaned 
to remove oil, grit, tar (other than 
standard coating), and other foreign 
matter from the joint, and then painted 
with a soap solution made by dissolv- 
ing one-half cup of granulated soap in 
1 gal of water. The cast-iron gland 
shall then be slipped on the spigot end 
of the pipe with the lip extension of 
the gland toward the socket or bell 
end. The rubber gasket shall be 
painted with the soap solution and 
placed on the spigot end with the thick 
edge toward the gland. 
consisting of a bell and mechanical-joint 
socket may be used, provided that the fitting 
between the spigot end of the existing line 
and the bell to be connected to it is consis- 
tent with the normal fit of bell-and-spigot 
pipe. 
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Sec. 9b.4—Bolting of Joint 


The entire section of the pipe shall 
be pushed forward to seat the spigot 
end in the bell. The gasket shall then 
be pressed into place within the bell, 
being careful to have the gasket evenly 
located around the entire joint. The 
cast-iron gland shall be moved along 
the pipe into position for bolting, all 
of the bolts inserted, and the nuts 
screwed up tightly with the fingers. 
All nuts shall be tightened with a 
suitable (preferably torque-limiting ) 
wrench. The torque for various sizes 
of bolts shall be as follows: 


Size Range of Torque 
in. ft-lb 
40— 60 
60— 90 
l 70-100 
1 90-120 


Max. Permissible Deflection per Length 


12-ft 16-ft 18-ft 20-ft 
Length Length Length Length 
3 | 21 28 31 
4 21 28 31 
6 18 24 27 
8 13 18 20 
10 | 13 18 20 
2 | #8 18 20 22 
4 | 9 12 134 15 
16 | 9 12 134 15 
18 | 74 10 11 12 
20 74 10 11 12 
4 | 6 x 9 10 
0 | 6 8 9 | 10 
36 5 7 8 
42 6 74 
48 5 6 74 | 
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Maximum Permissible Deflection in Laying Mechanical-Joint Pipe* 
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Nuts spaced 180 deg apart shall be 
tightened alternately in order to pro- 
duce an equal pressure on all parts of 
the gland. 

Reference should be made to the 
“Notes on Method of Installation” in- 
cluded in American Standard Specifi- 
cations for a Mechanical Joint for Cast 
Iron Pressure Pipe and Fittings— 
A21.11 (AWWA C111). See 
Note 9b.4. 


also 


Sec. 9b.5—Permissible Deflection in 
Mechanical-Joint Pipe 
Whenever it is desirable to deflect 
mechanical-joint pipe in order to form 
a long-radius curve, the amount of de- 


flection shall not exceed the maximum 
limits shown in the table below. 


Approx. Radius of Cur 


ve Prod 


uced 
of Joint 


yy Succession 


12-ft 16-ft 18-ft 20-ft 
| Length Length Length Length 

85 | 110 | 125 | 

85 | 110 | 125 | 

100 130) 145 

130 170 195 

130 170 195 

130 170 195 220 

190 250 85 $20 

190 250 285 $20 

230 300 340 380 
230 300 340 330 
300 400 $50 S00 
300 00 450 500 
| 330 440 00 

340 450 510 

340 450 510 


® Pipe conforming to A21.2 (pit cast) is commonly made in 12-ft lengths; to A21.6 (centrifugally cast in metal 
molds), in 12- and 18-ft lengths; and to A21.8 (centrifugally cast in sand-lined molds), in 16-, 164-, and 20-ft lengths 


| | i 
| 

Size of 


Sec. 10.1—General 


Valves, fittings, plugs and caps shall 
be set and jointed to pipe in the man- 
ner heretofore specified for cleaning, 
laying and jointing pipe. 


Sec. 10.2—Location of Valves 


Valves in water mains shall, where 
possible, be located on the street prop- 
erty lines extended 
otherwise on the plans. 


unless shown 


Sec. 10.3—Valve Boxes and Valve 
Pits 


A valve box or a masonry pit shall 
be provided for every valve. 

A valve box shall be provided for 
every valve which has no gearing or 
operating mechanism or in which the 
gearing or operating 


mechanism is 


fully protected with a cast-iron grease 


case. The valve box shall not trans- 


mit shock or stress to the valve and 
shall be centered and plumb over the 
wrench nut of the valve, with the box 
cover flush with the surface of the fin- 
ished pavement or such other level as 
may be directed. 

A masonry valve pit shall be pro- 
vided for every valve which has ex- 
posed gearing or operating mecha- 


Sec. 11.1—Location 


Hydrants shall be located as shown 
or as directed and in a manner to pro- 
vide complete accessibility, and also in 
such a manner that the possibility of 
damage from vehicles or injury to 
pedestrians will be minimized. 

When placed behind the curb, the 
hydrant barrel shall be set so that no 
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Section 10—Setting Valves and Fittings 


Section 11—Setting Hydrauts 


nisms. The valve nut shall be readily 
accessible for operation through the 
opening in the manhole, which shall 
be set flush with the surface of the fin- 
ished pavement or such other level as 
may be specified. Pits shall be so con- 
structed as to permit minor valve re- 
pairs and afford protection to the valve 
and pipe from impact where they pass 
through the pit walls. 


Sec. 10.4—Drainage of Mains 


Mains shall be drained through 


drainage branches or blowoffs to dry 
wells from which the water can be 
pumped. Drainage branches, blow- 
offs, air vents and appurtenances shall 
be provided with gate valves and shall 
be located and installed as shown on 
the plans. 

Drainage branches or blowoffs shal: 
not be connected to any sewer, sub- 
merged in any stream or be installed 
in any other manner that will permit 
back siphonage into the distribution 
system. 


Sec. 10.5—Dead Ends 


All dead ends on new mains shall be 
closed with cast-iron plugs or caps. 
with or without a blowoff cock, as 
shown on the drawings. 


portion of the pumper or hose nozzle 
cap will be less than 6 in. nor more 
than 12 in. from the gutter face of the 
curb. 

When set in the lawn space between 
the curb and the sidewalk, or between 
the sidewalk and the property iine, no 
portion of the hydrant or nozzle cap 
shall be within 6 in. of the sidewalk. 


| 
4 
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Sec. 11.2—Position 


All hydrants shall stand plumb and 
shall have their nozzles parallel with or 
at right angles to the curb, with the 
pumper nozzle facing the curb, except 
that hydrants having two hose nozzles 
90 deg. apart shall be set with each 
nozzle facing the curb at an angle of 
45 deg. Hydrants shall be set to the 
established grade, with nozzles at least 
12 in. above the ground, as shown or 
as directed by the engineer. 


Sec. 11.3—Connection to Main 


Each hydrant shall be connected to 
the main with a 6-in. cast-iron branch 
controlled by an independent 6-in. gate 
valve, except as otherwise directed. 


Sec. 11.4—Hydrant Drainage in 
Pervious Soil 


Wherever a hydrant is set in soil 
that is pervious, drainage shall be pro- 


Sec. 12.1—Anchorage for Hydrants 


The bowl of each hydrant shall be 
well braced against unexcavated earth 
at the end of the trench with stone 
slabs or concrete backing, or it shall 
be tied to the pipe with suitable metal 
tie rods or clamps, as shown or di- 
rected by the engineer. See Adden- 
dum Sec. 12.1. 


Sec. 12.2—Anchorage for Plugs, 
Caps, Tees and Bends 


All plugs, caps, tees and bends de- 
flecting 22} deg. or more on mains 8 
in. in diameter or larger shall be 
provided with a reaction backing, or 
movement shall be prevented by at- 


Section 12—Anchorage 


vided at the base of the hydrant by 
placing coarse gravel or crushed stone 
mixed with coarse sand, from the bot- 
tom of the trench to at least 6 in. 
above the waste opening in the hydrant 
and to a distance of 1 ft. around the 
elbow. No drainage system shall be 
connected to a sewer. See Note 11.4 
and Addendum Sec. 11.4. 


Sec. 11.5—Hydrant Drainage in 
Impervious Soil 


Wherever a hydrant is set in clay 
or other impervious soil, a drainage pit 
2 ft. in diameter and 3 ft. deep shall 
be excavated below each hydrant and 
filled compactly with coarse gravel or 
crushed stone mixed with coarse sand, 
under and around the elbow of the 
hydrant and to a level of 6 in. above 
the waste opening. 


No drainage pit 
shall be connected to a sewer. 


Addendum Sec. 11.5. 


See 


taching suitable metal rods or clamps 
as shown or specified.* See Note 12.2. 


Sec. 12.3—Reaction Backing 


Reaction backing shall be concrete 
of a mix not leaner than 1 cement: 
24 sand: 5 stone, and having a com- 
pressive strength of not less than 2,000 


psi. at 28 days. Backing shall be 


* Nore: Consideration is being given by 


the committee to the rewording of Sec. 12.2 
as follows: “All plugs, caps, tees and bends 
deflecting 224 deg. or more on mains 8 in 
in diameter or larger shall, unless otherwise 
indicated, be anchored to prevent movement 
by providing suitable reaction 

metal harness therefor, as sh 


backing or 


wn on the plans 


or specified herein.” 
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placed between solid ground and the 
fitting to be anchored; the area of 
bearing on the pipe and on the ground 
in each instance shall be that shown or 
directed by the engineer. The backing 
shall, unless otherwise shown or di- 
rected, be so placed that the pipe and 
fitting joints will be accessible for 
repair. See Addendum Sec. 12.3. 


Sec. 13.1—Hydrostatic Tests 
Required 


See Addendum Sec. 13.1. 


Sec. 13.2—Pressure Test 


After the pipe has been laid and par- 
tially backfilled as specified in Sec. 
14.5, all newly laid pipe, or any valved 
section thereof, shall be subjected to 
the hydrostatic pressure stated in Ad- 
dendum Sec. 13.2. If specified in Ad- 
dendum Sec. 13.11, or if directed by 
the engineer, the contractor shall back- 
fill the trench in accordance with Sec. 
14.7 before making the pressure test. 
See Sec. 13.11. 


Sec. 13.3—Duration of Pressure 
Test 


The duration of each pressure test 
shall be at least one hour. 


Sec. 13.4—Procedure 


Each valved section of pipe shall be 
slowly filled with water and the speci- 
fied test pressure, based on the eleva- 
tion of the lowest point of the line or 
section under test and corrected to the 
elevation of the test gage, shall be ap- 
plied by means of a pump connected to 
the pipe in a manner satisfactory to the 
engineer. The pump, pipe connection 
and all necessary apparatus except 
gages shall be furnished by the con- 


Section 13—Hydrostatic Tests 
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Sec. 12.4—Metal Harness 


Metal harness of tie rods or clamps 
of adequate strength to prevent move- 
ment may be used instead of concrete 
backing, as directed by the engineer. 
Steel rods or clamps shall be galva- 
nized or otherwise rustproof treated, 
or shall be painted as shown or di- 
rected by the engineer. See Adden- 
dum Sec. 12.4. 


tractor. The owner will furnish the 
gages for the test and will make all 
taps into the pipe, but the contractor 
shall furnish all necessary assistance 
for conducting the tests. 


Sec, 13.5—Expelling Air Before Test 


Before applying the specified test 
pressure, all air shall be expelled from 
the pipe. If hydrants or blowoffs are 
not available at high places, the owner 
shall make the necessary taps at points 
of highest elevation before the test is 
made and insert the plugs after the test 
has been completed. 


Sec. 13.6—Examination Under 
Pressure 


All exposed pipes, fittings, valves, 
hydrants and joints will be carefully 
examined during the open-trench test. 
When the joints are made with lead, 
all such joints showing visible leaks 
shall be recalked until tight. When 
the joints are made with cement and 
show seepage or slight leakage, such 
joints as may be defective shall be cut 
out and replaced by the contractor as 
directed by the engineer. Any cracked 
or defective pipes, fittings, valves or 
hydrants discovered in consequence of 
this pressure test shall be removed and 
replaced by the contractor with sound 
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Sec. 3, and the test shall be repeated 
until satisfactory to the engineer. 


Sec. 13.7—Leakage Test 


A leakage test shall be conducted 
after the pressure test has been satis- 
factorily completed. The owner will 
furnish the gage and measuring device 
for the leakage test. The contractor 
shall furnish the pump, pipe, connec- 
tions and all other necessary appa- 
ratus, and shall furnish all necessary 
assistance to conduct the test. The 
duration of each leakage test shall be 
two hours, and during the test the 
main shall be subjected to the pressure 
stated in Addendum Sec. 13.7. 

Leakage is defined as the quantity 
of water to be supplied into the newly 
laid pipe, or any valved section 
thereof, necessary to maintain the 
specified leakage test pressure after the 
pipe has been filled with water and the 
air expelled. 

No pipe installation will be accepted 
until the leakage is less than the num- 
ber of gallons per hour as determined 
by the formula: 


_ NDvP 
“7,850 


in which L equals the allowable leak- 
age, in gallons per hour; N is the 
number of joints in the length of pipe- 
line tested; D is the nominal diameter 
of the pipe, in inches; and P is the 
average test pressure during the leak- 
age test, in pounds per square inch 
gage. (The allowable leakage accord- 
ing to the formula is equivalent to 70 
U.S. gal. per 24 hours per mile of pipe 
per inch nominal diameter, for pipe in 
12-ft. lengths evaluated on a pressure 
basis of 150 psi.) 


The allowable leakage at various 


material in the manner provided under 
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pressures for pipe of various diameters 
is shown in Table 1. 


Sec. 13.8—Variation From 
Permissible Leakage 


Should any test of pipe laid disclose 
leakage greater than that specified in 
Section 13.7, the contractor shall at 
his own expense locate and repair the 
defective joints until the leakage is 
within the specified allowance. 


Sec. 13.9—Time for Making Test of 
Lead-jointed Pipe 


Lead-jointed pipe may be subjected 
to hydrostatic pressure and inspected 
and tested for leakage at any con- 
venient time after the trench has been 
partially backfilled except at the joints 
in accordance with Sec. 14.6, or back- 
filled in accordance with Sec. 14.7, if 
specified or directed by the engineer 
(see Sec. 13.11). The leakage allow- 
ance shall be that specified in Sec. 13.7. 

Where any section of a main is pro- 
vided with concrete reaction backing, 
the hydrostatic pressure test shall not 
be made until at least five days have 
elapsed after the concrete reaction 
backing was installed. If high early- 
strength cement is used in the concrete 
reaction backing, the hydrostatic pres- 
sure test shall not be made until at 
least two days have elapsed. 


Sec. 13.10—Time for Making Test of 
Cement-jointed Pipe 


Pipes jointed with cement shall not 
be subjected to hydrostatic pressure 
and inspected and tested for leakage 
until at least 36 hours have elapsed 
after the main was filled with water as 
specified in Sec. 9.16. Pipelines shall 
remain full of water until all tests have 
been made. The pressure test, inspec- 


tion and leakage test shall be made 
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various diameters, the allowable leakage will be the sum of the computed leakage for each 6ize of joint. 
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after the trench has been partially 
backfilled except at the joints in ac- 
cordance with Sec. 14.6, or backfilled 
in accordance with Sec. 14.7, if speci- 
fied or directed by the engineer (see 
Sec. 13.11). The leakage allowance 
shall be that specified in Sec. 13.7. 

Where any section of a main is pro- 
vided with concrete reaction backing, 
the hydrostatic pressure test shall not 
be made until at least five days have 
elapsed after the concrete reaction 
backing was installed. If high early- 
strength cement is used in the con- 
crete reaction backing, the hydrostatic 
pressure test shall not be made until 
at least two days have elapsed. 


Sec. 13.11—Pressure and Leakage 
Tests After Backfilling 


After the trench has been backfilled 
in accordance with Sec. 14.7, the test 


Sec. 14.1—Backfill Material 


All backfill material shall be free 
from cinders, ashes, refuse, vegetable 
or organic material, boulders, rocks or 
stones, or other material which in the 
opinion of the engineer is unsuitable. 
However, from 1 ft. above the top of 
the pipe to the subgrade of the pave- 
ment, material containing stones up to 
8 in. in their greatest dimension may 
be used, unless specified otherwise 
herein. 


Sec. 14.2—Use of Excavated 
Material as Backfill 


When the type of backfill material 
is not indicated on the drawings or 
specified, the contractor may backfill 
with the excavated material, provided 
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connections made and the main filled 
with water, the test sections shall be 
subjected to water pressure normal to 
the area. After examination of ex- 
posed parts of the system, the test 
pressure will be increased to the hy- 
drostatic pressure specified in Adden- 
dum Sec. 13.2 and exposed parts again 
examined. If defects are found, the 
contractor shall immediately make the 
necessary repairs at his own expense. 
The engineer will then repeat the pres- 
sure test until no defects are found. 
The duration of the final pressure test 
shall be at least one hour. 

The leakage test shall be conducted 
after satisfactory completion of the 
pressure test, in accordance with Sec. 
13.7. Should any test section fail to 
meet the leakage test, the contractor 
shall make the necessary repairs at his 
own expense. See Addendum Sec. 


13.11. 


that such material consists of loam 
clay, sand, gravel or other materials 
which, in the opinion of the engineer, 
are suitable for backfilling. Where 
excavated material is indicated on the 
drawings or specified for backfill and 
there is a deficiency due to a rejection 
of part thereof, the contractor shall 
furnish the required amount of sand, 
gravel or other approved material as 
an extra. 


Sec. 14.3—Sand or Gravel Backfill 


Where sand or gravel backfill is not 
indicated on the drawings or specified 
herein, and in the opinion of the engi- 
neer should be used in any part of the 
work, the contractor shall furnish and 
backfill with sand or gravel as directed 
as an extra. 
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Sec. 14.4—Limestone Screenings 
Backfill 


Where shown on the drawings or 
specified in the Addendum, or where 
directed by the engineer, the con- 
tractor shall completely encase the 
pipe, fittings and appurtenances in 
limestone screenings 1 ft. thick and 
complete the backfilling of the trench 
as shown or directed by the engineer. 
The limestone screenings shall be 
placed in layers 3 in. thick and com- 
pacted by tamping to the bottom of the 
trench at subgrade as required in Sec. 
6.7 if blocking is not used, and to about 
1 in. below the subgrade as required 
in Sec. 6.10 if blocking is used. Above 
these elevations the limestone screen- 
ings shall be placed in layers 3 in. 
thick and compacted by tamping under 
the pipe, fittings and appurtenances to 
the centerline, as required in Sec. 14.5. 
From the centerline to 1 ft. above the 
pipe, fittings and appurtenances, the 
limestone screenings shall be placed 
as specified in Addendum Sec. 14.4. 
The contractor shall be allowed extra 
compensation for excavating, furnish- 
ing and placing the limestone screen- 
ings where such work is not shown on 
the drawings or specified. See Note 


14.4 and Addendum Sec. 14.4. 


Sec. 14.5—Backfilling Under Pipe 

All trenches—whether the pipe, fit- 
tings and appurtenances are laid on a 
flat bottom at subgrade in accordance 
with Sec. 6.5 or laid on blocking in 
accordance with Sec. 6.10—shall be 
backfilled by hand, from the bottom of 
the trench to the centerline of the pipe, 
with sand, gravel or other approved 
material placed in layers of 3 in. and 
compacted by tamping. Backfilling 
material shall be deposited in the 
trench for its full width on each side of 
the pipe, fittings and appurtenances 
simultaneously. 


Sec. 14.6—Backfilling Over Pipe 


From the centerline of the pipe, 
fittings and appurtenances to a depth 
of 1 ft. above the top of the pipe, the 
trench shall be backfilled by hand 
or by approved mechanical methods. 
The contractor shall use special care in 
placing this portion of the backfill so as 
to avoid injuring or moving the pipe. 
See Addendum Sec. 14.6 for the type 
of backfill material required and the 
method of placing and consolidating. 


Sec. 14.7—Backfilling to Grade 


From 1 ft. above the pipe to the 
grade shown on the drawings or speci- 
fied herein, the trench shall be back- 
filled by hand or by approved mechani- 
cal methods. See Addendum Sec. 14.7 
for the type of backfill required and the 
method of placing and consolidating. 


Sec. 14.8—Backfill Under Perma- 
nent Pavement 


Where the excavation is made 
through permanent pavements, curbs, 
driveways or sidewalks or where such 
structures are undercut by the excava- 
tion, the entire backfill to the subgrade 
of the structures shall be made with 
sand. Walks and driveways consist- 
ing of broken stone, gravel, slag or cin- 
ders shall not be considered as being 
of a permanent construction. See Ad- 
dendum Sec. 14.8 for the method of 
placing and consolidating the backfill 
material. 


Sec. 14.9—Backfilling Where 
Settlement Unimportant 


Where shown on the drawings or 
specified, the contractor may backfill 
the trench from 1 ft. above the pipe 
to the top of the trench with the exca- 
vated material, and the backfill shall 
be neatly rounded over the trench to 
a sufficient height to allow for settle- 


ii 
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ment to grade after consolidation. 
See Addendum Sec. 14.9. 


Sec. 14.10—Backfilling in Freezing 
Weather 


Backfilling shall not be done in 
freezing weather except by permission 
of the engineer, and it shall not be 
made with frozen material. No fill 
shall be made where the material al- 
ready in the trench is frozen. 


Sec. 14.11—Backfill Sand 


All sand used for backfill shall be a 
natural bank sand, graded from fine 
to coarse, not lumpy or frozen, and 
free from slag, cinders, ashes, rubbish 
or other material which, in the opinion 
of the engineer, is objectionable or 
deleterious. It shall not contain a total 
of more than 10 per cent by weight 
of loam and clay, and all material must 
be capable of being passed through a 
}-in. sieve. Not more than 5 per cent 
shall remain on a No. 4 sieve. 


Sec. 15.1—Allowable Removal of 
Pavement 


The contractor shall remove pave- 
ment and road surfaces as a part of 
the trench excavation, and the amount 
removed shall depend upon the width 
of trench specified for the installation 
of the pipe and the width and length 
of the pavement area required to be 
removed for the installation of gate 
valves, specials, manholes or other 
structures. The width of pavement 
removed along the normal trench for 
the installation of the pipe shall not 
exceed the width of the trench specified 
by more than 6 in. on each side of the 
trench. The width and lengths of the 
area of pavement removed for the in- 
stallation of gate valves, specials, man- 
holes or other structures shall not ex- 
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Section 15—Removal, Restoration and Maintenance of Surface 


Sec. 14.12—Backfill Gravel 


Gravel used for backfill shall consist 
of natural bank gravel having durable 
particles graded from fine to coarse 
in a reasonably uniform combination 
with no boulders or stones larger than 
2 in. in size. It shall be free from slag, 
cinders, ashes, refuse or other dele- 
terious or objectionable materials. It 
shall not contain excessive amounts of 
loam and clay and shall not be lumpy 
or frozen. No more than 15 per cent 
shall be finer than No. 200 sieve. 


Sec. 14.13—Backfill Limestone 
Screenings 


Screenings shall consist of the 
product obtained from crushing sound 
limestone or dolomite ledge rock and 
shall be free from shale, dust, excessive 
amounts of clay and other undesirable 
materials. All materials shall pass a 
}-in. sieve and no more than 25 per 
cent shall be finer than a No. 100 sieve 


ceed the maximum linear dimensions 
of such structures by more than 6 in. 
on each side. Wherever, in the opin- 
ion of the engineer, existing conditions 
make it necessary or advisable to re- 
move additional pavement, the con- 
tractor shall remove it as directed by 
the engineer and shall receive extra 
compensation therefor, provided such 
additional work is not shown in the 
drawings or specified. The contractor 
shall use such methods, either drilling 
or chipping, as will assure the break- 
ing of the pavement along straight 
lines. The face of the remaining pave- 
ment shall be approximately vertical 
See Addendum Sec. 15.1. 

If the contractor removes or dam- 
ages pavement or surfaces beyond the 
limits specified above, such pavement 
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and surfaces shall be replaced or re- 
paired at the expense of the contractor 
as specified in Sec. 15.2. 


Sec. 15.2—Restoration of Damaged 
Surfaces and Property 


Where any pavement, trees, shrub- 
bery, fences, poles or other property 
and surface structures have been dam- 
aged, removed or disturbed by the 
contractor, whether deliberately or 
through failure to carry out the re- 
quirements of the contract documents, 
state laws, municipal ordinances or the 
specific direction of the engineer, or 
through failure to employ usual and 
reasonable safeguards, such property 
and surface structures shall be re- 
placed or repaired at the expense of 
the contractor. If Addendum Sec. 
15.3 specifies that the replacements or 
repairs shall be made by the con- 
tractor, he shall replace or repair and 
restore said structures to a condition 
equal to that before the work began, 
furnishing all labor and materials inci- 
dental thereto. If Addendum Sec. 
15.4 specifies that the replacement or 
repairs will be made by the owner, the 
cost of the replacements or repairs will 
be deducted from monies due the con- 
tractor. Costs shall be determined by 
the engineer from measurements and 
the cost of replacement or repairs, or 
from a schedule of fixed charges pre- 
viously prepared by the owner and fur- 
nished the contractor. See Addendum 


Sec. 15.2. 


Sec. 15.3—Replacement of Pavement 
and Structures by Contractor 


The contractor shall restore (unless 
otherwise stipulated) all pavement, 
sidewalks, curbing, gutters, shrubbery, 
fences, poles, sod or other property 
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and surface structures removed or dis- 
turbed as a part of the work to a con- 
dition equal to that before the work 
began, furnishing all labor and mate- 


rials incidental thereto. In restoring 
the pavement, sound granite blocks, 
sound brick or asphalt paving blocks 
may be reused. No permanent pave- 
ment shall be restored unless and until, 
in the opinion of the engineer, the con- 
dition of the backfill is such as to prop- 
erly support the pavement. See Ad- 
dendum Sec. 15.3. 


Sec. 15.4—Replacement of Pavement 
and Structures by Owner 


The owner will restore (unless 
otherwise stipulated) all pavements, 
sidewalks, curbing, gutter, shrubbery, 
fences, poles, sod or other property 
and surface structures removed or dis- 
turbed as a part of the work. See Ad- 
dendum Sec. 15.4. 


Sec. 15.5—Cleaning up 


All surplus water main materials 
furnished by the contractor and all 
tools and temporary structures shall 
be removed from the site by the con- 
tractor. All dirt, rubbish and excess 
earth from the excavation shall be 
hauled to a dump provided by the con- 
tractor and the construction site left 
clean to the satisfaction of the engi- 
neer. All surplus water main mate- 
rials furnished by the owner and de- 
livered to the site by the contractor 
shall be removed and delivered by the 
contractor to a location designated by 
the owner. All surplus water main 
material furnished and delivered by the 
owner shall be removed by the owner. 


Sec. 15.6—Maintenance of Surface 
See Addendum Sec. 15.6. 
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Specification to which the note relates. 


5.2. In a specification of this kind it 
is not possible to set forth the rights 
and responsibilities of the owner and 
of the utilities and others owning struc- 
tures that may have to be removed, re- 
located or reconstructed, because such 
rights and responsibilities vary in dif- 
ferent localities. Then, too, the own- 
ers of certain structures may insist on 
doing all or part of the work involved 
at the expense of the owner installing 
the water main. It is recommended 
that an investigation be made when the 
plans are prepared and the rights and 
responsibilities of all parties involved 
be considered in allocating the work 
to be done. When obstructions not 
shown on the plans are encountered 
during the progress of the work, the 
rights and responsibilities of the parties 
involved will also determine the alloca- 
tion of the work and costs. 

5.5. The minimum depth of cover 
over water pipe should be determined 
by: [1] the maximum depth of frost 
penetration in the locality where the 
pipe is to be laid and [2] the direct 
effect of loaded trucks. 

The depth of cover and the nature 
of the trench bottom are two primary 
factors in the determination of metal 
thicknesses. Metal thicknesses, as de- 
veloped from calculations by the 
American Standards Assn. Committee 
A21, take into account four distinct 
trench conditions and two types of 
backfill and varying depth of cover. 
A cover of about 4 ft. with a flat- 
bottom trench and tamped backfill usu- 
ally results in the most favorable com- 
bination of earth and truck hazard. 

Where failures in cast-iron pipelines 
occur, they usually result from settle- 
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NOTES 


The boldface numerals at the beginning of each note refer to the section of the 


ment, careless laying, flat-slope trench- 
ing, bedding on rock, improper back- 
filling procedure, impact from loaded 
trucks or rupture from freezing be- 
cause of shallow cover. These and 
other external and internal hazards 
should be carefully considered before 
the line is laid. 

For full details of the design of cast- 
iron pipe for various pressures and 
trench conditions, refer to findings of 
American Standards Assn. Committee 
A21 on Specifications for Cast-Iron 
Pipe. 

6.2. The width of trench will depend 
upon and vary with the size of the 
pipe, the depth of the trench and the 
nature of the excavated material en- 
countered. However, it should pro- 
vide for the minimum removal and re- 
placement of pavement consistent with 
the requirements of Sec. 6.2. 

The widths shown in 
Table 2 represent the best judgment 
obtainable thereon for use where the 
soil is fairly stable and for depths of 
trench varying from about 6 to 12 ft. 
For each size of pipe, the minimum 
widths of earth shown provide a clear- 
ance of about 4 in. on each side of the 
bell of the pipe. 


minimum 


Where shallow trenches are used, 
the widths may than 
shown in the table. 

6.5(a). The type of pipe founda- 
tion described in Sec. 6.5 is preferable 


be less those 


to the alternative specified under Sec. 
8—Blocking Experiments indicate 
that the walls of the pipe supported by 
blocks must be thicker than one laid 
in a flat-bottom order to 
stand the same internal pressure and 
external loads. 


trench, in 


There appears to be 
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TABLE 2 
Minimum Trench Widths 
Nom 
Pipe Minimum Minimum 
Diam. in Earth in Rock 
in. in. in. 
2 18 24 
3 18 24 
4 18 24 
6 21 24 
8 24 24 
10 26 26 
12 28 28 
18 31 31 
20 33 33 
24 36 36 
30 40 40 
36 47 47 
42 54 54 
48 61 61 
54 68 68 
60 75 75 


no doubt that the bearing strength of 
pipe laid in a flat-bottom trench, well 
tamped or puddled, is considerably 
greater than if the pipe is laid and 
continues to bear on blocking. Con- 
sideration must be given to the type 
of trench, method of backfilling and 
use of blocks, if any, when specifying 
the metal thickness of pipe required in 
any particular installation. 

Other factors affecting pipe thick- 
ness—such as water hammer, exces- 
sive earth loads, truck loads, foundry 
tolerance and corrosion—should also 
be considered. For full details of the 
design of cast-iron pipe for various 
pressures and trench conditions, refer 
to findings of American Standards 
Assn. Committee A21 on Specifica- 
tions for Cast-Iron Pipe. From these 


findings, blocking, if used, should be 
recognized as a temporary expedient 
and the load should be transferred to 
the soil tamped under the pipe as soon 
as possible. 

6.5(b). Excavating to the grade line 
is recommended when the soil at sub- 
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grade is uniformly good, and stones, 
dry clay, hard pan, shale or cemented 
gravel are not exposed. 

6.6. Excavating below the grade line 
and backfilling is recommended when 
the soil at subgrade is not uniformly 
good, and stones, dry clay, hard pan, 
shale or cemented gravel are exposed. 
In some localities, this procedure is 
followed even when the soil at sub- 
grade is uniformly good, in order to 
eliminate the final trimming of the 
trench bottom by hand, improve drain- 
age conditions and obtain more rapid 
progress. 

7.8. The deflection of a pipeline may 
be obtained by opening the joints, 
thereby permitting one side of the 
spigot end of the pipe to be away 
from home when the other side is 
touching the hub of the bell. How- 
ever, an adequate depth of jointing 
material should always be provided on 
the side where the spigot is away from 
home, and an adequate width of calk- 
ing space on the opposite side of the 
pipe at the face of the bell. 

The maximum deflections shown in 
Table 3 recognize the limitations which 
should be observed when deflecting 
cast-iron bell-and-spigot pipe. 

8.3. The number and size of blocks 
for various sizes and lengths of pipe 
shown in Table 4 represent a practice 
used satisfactorily in some localities. 

9a. Other materials have been ex- 
tensively used in the jointing of cast- 
iron pipe. Pending the completion of 
an investigation of the performance of 
sulfur jointing compounds, these mate- 
rials are not included in the specifica- 
tions. Directions covering their use 
are herewith included, for the guidance 
of those who may employ these mate- 
rials. These directions are reprinted 
from the 1938 Specifications for Lay- 


il 
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TABLE 3—Maximum Deflections of Cast-Iron Bell-and-Spigot Pipe* 


, . . Approx. Radius of Curve Produced by 
> 
Max. Deflection With Pipe Length of: Succession of Joints With Pipe Lengths of 


Opening 


12 ft. | 16 ft. | 18 ft. | 20 ft. 12 ft. | 16 ft. | 18 ft. | 20 ft 


in. 


110 
168 
234 
234 
268 
279 
327 
387 
440 
326 “ 489 
360 48 540 
432 : 648 
524 786 
617 . 926 
720 1,080 
823 : 1,234 
909 1,364 
1,016 55 1,524 


= 


Ji = OO 
OO Oo 


~ 
- 


w 


* Limiting factors: {1] joint opening not to exceed 0.75 in.; [2] calking space at face of bell to be not less than 
0.25 in. in width. 


TABLE 4—Number and Size of Blocks 


No. of Blocks Required Block Dimensions* 


2-ft. Length 


or Less Over 12-ft. Length Thickness Length 
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4 ; Wedges should be 2 X 2 X6in. long. Larger-sized blocks should be used where necessary to support valves 
and fittings. 


25 
von. | _ DI 
2 0.41 23.6 31.5 | 35.4 39.4 122 
3 0.43 14.8 19.7 22.2 24.7 186 
4 0.41 11.1 14.8 16.7 18.5 260 ; 
6 0.58 11.1 14.8 16.7 18.5 260 a 
8 0.65 9.7 12.9 14.6 16.2 297 
10 0.75 9.3 12.4 14.0 15.5 310 : 
12 0.75 7.9 10.5 11.9 13.2 363 
14 0.75 6.7 8.9 10.1 11.2 430 
16 0.75 5.9 7.9 8.8 9.7 488 r 
18 0.75 5.3 8.0 8.8 543 
20 0.75 4.8 7.2 8.0 600 ees! 
24 0.75 4.0 6.0 6.7 720 
30 0.75 3.3 5.0 5.5 873 
36 0.75 2.8 4.2 4.7 1,028 
42 0.75 2.4 3.6 4.0 1,200 
48 0.75 2.1 3.2 3.5 1,371 
54 0.75 1.9 2.9 3.2 1,515 
60 0.75 1 Se 2.6 2.8 1,695 
in. 
Pipe 
im. 
2 6 8 
3 6 9 
4 6 10 : 
6 6 12 
s 6 14 
10 6 16 y 
12 6 18 
16 6 22 
18 6 24 
20 6 26 
24 6 30 ‘ 
30 6 36 
36 6 42 
42 6 6 48 
48 6 & 54 : 
54 6 tal 60 
60 6 66 
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ing Cast-Iron ,Pipe, prepared and 
published by the A.W.W.A.: 


Sec. 10.5—Sulfur Compound Joints: Com- 
pound for pipe joints shall be of approved 
make and of established reputation. It shall 
have a sulfur base and other ingredients 
properly proportioned to produce a workable 
compound, and tight and permanent joints. 

10.51 Manufacturer's Instructions to Be 
Followed: The compound shall be heated in 
a melting furnace suitable for the use of 
sulfur compound and manipulated in ac- 
cordance with the instructions of the manu- 
facturer of the compound. 

10.52 Proper Condition for Pouring: It 
shall be stirred thoroughly and continuously 
while melting, and until used. When poured 
it must be very liquid, free from froth or 
bubbles or any foreign matter and_ shall 
show a mirror-like surface. 

10.53 Making the Joint: Suitable funnel- 
shaped metal pouring gates extending not 
less than 8 in. above the bell shall be ade- 
quately clayed to the joint runner. The 
joint space and gate shall be filled with one 
continuous pour while the compound is at the 
proper temperature. The solidified com- 
pound in the pouring gate shall be cut off 
flush with the top of the bell or broken off 
flush with the top of the joint. 

10.54 Replacing Defective Joints: If a 
joint is defective, it shall be cut out and 
entirely replaced as directed by the engineer 

10.55 Burned Compound Rejected: Any 
compound burned in the melting pot shall be 
dumped out and not reused. 


9a.9. It is the practice in certain lo- 
calities where cement joints are used 
to install some lead joints in the mair 
to relieve possible strains on fittings o1 
valves that might result from the ex- 
treme rigidity of a cement-jointed pipe- 
line and also to speed up the comple- 
tion of the final connections of a line 
in order to get it into service. One 
lead joint is poured at every gate 
valve, at every fire hydrant lateral and 
at intervals of about 500 ft. in a long 
line without valves or fittings. Some- 
times two or three lead joints are 
poured for speed in completing the 
final connections. A lead joint at a 
fire hydrant may permit a twisting or 
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deflecting of the connection when the 
hydrant is struck by an automobile 
instead of resulting in a broken hy- 
drant. 


9b.4. For the convenience of those 
interested, a list of suppliers of torque 
wrenches, taken from MacRae’s Blue 
Book, is given below: 


Ammco Tools, Inc. Richmont, Inc. 

2124 Commonwealth Ave. 922-M S. Myrtle Ave. 

North Chicago, III. Monrovia, Calif 

Apco-Mossberg Co. Ss 

Armstrong Bros. Tool Co. Kenosha, Wis. 

5211 W. Armstrong Ave. 

Chicago 30, Il. 

Blackhawk Mfg. Co. 

5325 W. Rogers St. 

Milwaukee 1, Wis. 

The Herbrand Corp. 

Fremont, Ohio 

J. O. Mfg. Co. 

South Gate, Calif. 

P. & C. Hand Forged Sweeney Mig. Co. 
Tool Ce. 1601—23rd St 


Stevens Walden, Inc. 
475 Shrewsbury St. 
Worcester, Mass. 


Sturtevant Co. 
Addison, Ill. 


Sunnen Products Co. 
7954 Manchester Ave. 
St. Louis 17, Mo. 


Milwaukie P.O. 
Portland 22, Ore. 
Reasor Mfg. Co. 
St. Charles, Ill. 


Denver 17, Colo. 


Williams & Co. 
400 Vulcan St. 
Buffalo, N. Y. 


11.4. Proper drainage of waste wa- 
ter from a hydrant is very important 
where there is a possibility of the water 
freezing in the barrel of the hydrant, 
and where this may occur a drainage 
system that will dispose of the waste 
water rapidly should be used. Where 
ground water may enter the hydrant 
through the waste openings and con- 
taminate the water supply, it is recom- 
mended that the waste openings be 
plugged and the waste water removed 
from the barrel immediately after the 
hydrant has been used. 


12.2. Section 12.2 does not apply to 
suction pipelines or, at the discretion 
of the engineer, to low-pressure pipe- 
lines less than 12 in. in diameter. 


14.4. It is considered good practice 
to encase the pipe, fittings and appur- 
tenances in limestone screenings when 
muck, ash, refuse, cinders or acid soil 
is encountered in the excavation. 


; 
| 
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MAIN 


SPECIAL NOTE 


INSTALLATION 


Disinfection of Water Mains 


The disinfection of newly laid water 
mains is not included in these specifi- 
cations because usually the owner is 
better equipped to do the work and 
because the amount of the work in- 
volved cannot be estimated. 


If the Specifications in their published 
form are to be used, the engineer should 
prepare and include as a part of the 
Specifications an addendum, entitled “Ad- 
dendum to the Specifications for In- 
stallation of Cast-Iron Water Mains.” 
Since the specifications include the va- 
rious standard materials that may be used 
and the several standard methods that 
may be followed, the engineer should 
select the materials and methods that 
apply to the project and, by reference to 
the sections in the Specifications, indicate 
in the addendum those which do or do not 
apply. 

The engineer should include in the 
addendum information pertaining to sub- 
ject matter referred to in certain sections 
of the Specifications which cannot therein 
be completely covered and made appli- 
cable to all projects. The engineer may 
also include in the addendum information 
to cover work and materials not included 
in the Specifications. 

The following is a guide to aid the 
engineer in preparing the addendum. 
(The section and paragraph numbers be- 
low correspond to the related sections of 
the Specifications. ) 


Sec. 1—Scope 


1.3—General Description of Work to 
Be Done. The work to be done under 
these specifications consists of laying ap- 


proximately linear feet of - 
inch water main in , Street 
from . Street to 
Street. 


Note: The engineer should include a gen- 
eral description of the work to be done and 
the location of the work. A suitable break- 
down of the work to be done is desirable. 


OUTLINE OF ADDENDUM 


It is recommended that upon com- 
pletion of a newly laid main or when 
repairs to an existing line are made, 
the main be disinfected according to 
“A Procedure For Disinfec'ing Water 
Mains—AWWA C601.” 


1.4—Schedule of Progress and Com- 
pletion. The work in Street 
shall be started by | 
and shall be completed by 
19 

Nore: If various parts of the work are to 
be started and completed at different times, 
the engineer should include a suitable break- 
down. 


1.5—List of Contract Drawings. The 
contract drawings which apply to these 
Specifications and Addendum are listed 
below : 


Drawing No. Title File No. 


1.6—Special Work to Be Performed. 


Note: The engineer should specify any 
special work required which is not covered 
by the Specifications for Installation of Cast- 
Iron Water Mains. It may include a sec- 
tion of pipe other than cast-iron and laid 
under another AWWA specification, or 
other structures covered by specifications 
prepared by the engineer. If no special 
work is required, it should be so stated. 


1.7—Materials to Be Furnished by 


Owner. The owner will furnish the fol- 
lowing materials: 
No. of De- Approx. Delivery 


Pieces Class scription Weight Point 


Notre: The engineer should also specify 
what materials, if any, are to be unloaded by 
the contractor from cars. If no 
materials are to be furnished by the owner, 
the engineer should so specify. 


railroad 
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1.8—Materials to Be Furnished by Con- 
tractor. The following is a partial esti- 
mate of materials to be furnished and 
delivered by the contractor: 


No. of Approx. 
Pieces Class Description Weight 


Note: The engineer should include all 
materials required and not furnished by the 
owner, 


1.9—Water Used. Water for testing 
mains, puddling trenches and drinking 
purposes will be made available to the 
contractor at the existing facilities of the 
owner at a charge of . The 
contractor shall furnish all necessary pipe 
or hose extensions or transportation to 
the point of use. ‘The contractor shall 
exercise care in the use of the water. 


Norte: If the water is to be furnished by 
the owner without charge, or if the contrac- 
tor is to furnish the water at his expense, it 
should be so stated in lieu of the above 
requirement. 


Sec. 2—Inspection 


2.1—Shop Inspection. The inspection 
at the plant of the manufacturer of ma- 
terials furnished by the contractor shall 
be made at the expense of the owner or 
contractor. 


Note: The engineer should include a list 
of the materials furnished by the contractor 
and subject to inspection at the plant of the 
manufacturer and state whether the inspec- 
tion shall be made at the expense of the 
owner or contractor. 


Sec. 4—Handling of Material 


4.1—Hauling. The contractor shall 
pick up the materials furnished by the 
owner, as set forth in Sec. 1.7 of the Ad- 
dendum, at the delivery points specified, 
haul the materials to and distribute them 
at the site. 


Nore: If the materials furnished by the 
owner are not to be picked up, hauled to and 
distributed at the site by the contractor, this 
should be stated. If part of the material 
furnished by the owner is to be handled by 
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the contractor, the engineer should here list 
these materials in a table similar to the one 
included in Sec. 1.7 of the Addendum. 


Sec. 5—Alignment and Grade 


5.5—Depth of Pipe. The centerline of 
all pipe shall be laid to a minimum depth 
en inches below estab- 
lished grade. 


Norte: The above specification should only 
be included if the contract drawings do not 
show the grade line. 


Sec. 6—Excavation and Preparation of 
Trench 


6.1—Description. Not more than ~ 
linear feet of trench shall be dug in ad- 
vance of the completed pipe-laying opera- 
tion. 


6.2—Width of Trench. The width of 
trench for the various sizes of pipe and 
locations shown shall be as follows: 

Note: The engineer should here include a 


table showing the size of pipe and width of 
trench for various locations. 


6.5—Excavation to Grade. The trench 
shall be excavated in accordance with 
Sec. 6.5. Sections 6.6 and 6.10 shall not 
apply, or 

6.6—Excavation Below Grade. The 
trench shall be excavated in accordance 
with Section 6.6. Sections 6.5 and 6.10 
shall not apply, or 

6.10—Subgrade for Blocking. The 
trench shall be excavated in accordance 
with Sec. 6.10. Sections 6.5 and 6.6 shall 
not apply. 


Note: The engineer should here include 
one of the above requirements. 


Sec. 7—Laying 


7.8—Permissible Deflection at Joints. 
Whenever it is necessary to deflect pipe 
from a straight line, the deflection shall 
not exceed the following amounts: 

Note: The engineer should here include a 


table showing the maximum permissible de- 
flections. 
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7.9—Railroad 
Crossings. 


and Street Railway 


Note: The engineer is advised to consult 
with the railroad or street railway company 
before preparing plans and specifications for 
this part of the work. The company may 
require the work to be done according to a 
certain procedure and during certain hours. 
It may insist also upon doing some of the 
work itself and make charges for labor, ma- 
terial, supplies, supervision and inspection. 
Furthermore, the company may insist on 
dealing with the owner. However, whatever, 
the arrangements may be, they should be 
agreed upon prior to bidding so that there 
will be an understanding on how and when 
the work is to be done, the apportionment 
of the work and the disposition of the cost 
and any charges made by the company. 

The engineer should here include a speci- 
fication for the installation of the mains 
under railroad and street railway crossings 
in accordance with the plans and procedure 
agreed upon. 

The engineer should also here specify that 
“Where a main is laid under a single track, 
it shall be constructed so that the center 
point of a full length of pipe lies midway 
between the rails of such single track. 
Where the main is laid under multiple tracks, 
it shall be constructed so that the joints lie 
midway between the tracks.” 


Sec. 8—Blocking 


8.1—Support Required. Blocking as 
specified in Sec. 8 shall be provided, or 

Blocking as specified in Sec. 8 shall 
not be provided. 


Note: The engineer should here include 
one of the above requirements. 


8.3—Dimensions. The number and 
size of blocks specified in Sec. 8.3 shall 
be used. 

Note: If Sec. 8.3 does not apply, the 


engineer should here so state and include the 
number and sizes of blocks that shall be used 


Sec. 9a—Jointing 


9a.1—Yarning or Packing Material. 
The yarning or packing material shall be 


Note: The engineer should here state 


which material shall be used. If cement 
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joints are used and the yarning or packing 
material is to be omitted, the engineer should 
here so specify. If some lead joints are to 
be used with the cement joints, the engineer 
should here specify the yarning or packing 
material that should be used with the lead 
joints. 


9a.4—Lead Joints. All sections per- 
taining to lead joints shall apply and all 
sections pertaining to cement joints shall 
not apply, or 


9a.9—Cement Joints. All sections per- 
taining to cement joints shall apply and 
all sections pertaining to lead joints shall 
not apply. 

Note: The engineer should here include 
one of the above requirements. 


Sec. 11—Setting Hydrants 


11.4—Hydrant Drainage in Pervious 
Soil. This section shall apply and Sec. 
11.5 shall not apply, or 

11.5—Hydrant Drainage in Impervious 
Soil. This section shall apply and Sec. 
11.4 shall not apply. 

Note: The engineer should here specify 
one of the above requirements. If the soil 
conditions are not known, the engineer 
should specify that the type of hydrant drain- 
age will be selected after the excavation of 
the trench. 


Sec. 12—Anchorage 

12.1—Anchorage for Hydrants. The 
anchorage for hydrants shall consist of 
stone slabs or concrete backing, or 

The anchorage for hydrants shall con- 
sist of metal rods or clamps. 

Note: The engineer should here specify 
one of the above requirements. 

12.3—Reaction Backing. This section 
shall apply and Sec. 12.4 shall not apply, 
or 

12.4—Metal Harness. This section 
shall apply and Sec. 12.3 shall not apply. 

Note: The engineer should here include 
one of the above requirements. 


Sec. 13—Hydrostatic Tests 


13.1—Hydrostatic Tests Required. 
Hydrostatic tests as specified in Sec. 13.2- 
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13.9 inclusive shall apply for lead joints 
and Sec. 13.10 shall not apply, or 

Hydrostatic tests as specified in Sec. 
13.2-13.8 inclusive and Sec. 13.10 shall 
apply for cement joints and Sec. 13.9 shall 
not apply. 

Note: The engineer should here include 
one of the above requirements. 


13.2—Pressure Test. The hydrostatic 
pressure shall be . pounds per 
square inch, based on the elevation of the 
Jowest point in the line or section under 
test and corrected to the elevation of the 
test gage. 

Note: A test pressure 50 per cent above 
normal operating pressure is considered con- 
servative practice. 


13.7—Leakage Test. The hydrostatic 
pressure shall be . pounds per 
equare inch, based on the elevation of the 
lowest point in the line or section under 
test and corrected to the elevation of the 
test gage. 

Note: The pressure for the leakage test 
is usually set at the maximum operating 
pressure for the locality. 


13.11—Pressure and Leakage Tests 
After Backfilling. The contractor shall 
backfill the trench before making the 
pressure and leakage tests. 

Note: The engineer should here include 
the above requirement if the trench is to be 
backfilled before the tests are made. 


Sec. 14—Backfilling 


14.4—Limestone Screenings Backfill. 
This section shall (or shall not) apply. 


Nore: If the drawings show all the loca- 
tions where limestone screening backfill shall 
be placed, the engineer should state that this 
section shall apply. If the drawings do not 
show all or any of the locations, the engineer 
should state that this section shall apply and 
here specify the additional locations or all of 
the locations. If this section shall not apply, 
the engineer should so specify. 


14.6—Backfilling Over Pipe. The 
backfill material from the centerline of 


the pipe to 1 ft. above the pipe shall con- 
sist of : 


AWWA SPECIFICATIONS 


1. Sand which shall be puddled with 
hose and long pipe nozzle after the trench 
is backfilled, or 

2. Gravel which shall be puddled with 
hose and long pipe nozzle after the trench 
is backfilled, or 

3. Approved excavated material which 
shall be puddled with hose and long pipe 
nozzle after the trench is backfilled, or 

4. Approved excavated material which 
shall be placed in 3-in. layers and com- 
pacted by tamping. 

Note: The engineer should here include 
one of the above requirements or any other 
requirement which is to be followed. The 
type of backfill material and the method of 
placing and compacting depends upon the 
importance of settlement. It also depends 
upon the type of pavement or surface. 
Puddling should not be done until the trench 
is backfilled. If more than one type of 
material and method of backfilling is re- 
quired, the drawings or the Addendum 
should indicate the limits of each. 


14.7—Backfilling to Grade. The back- 
fill material from 1.0 ft. above the pipe to 
the street grade (or subgrade of pave- 
ment) shall consist of: 


1. Sand which shall be puddled with 
hose and long pipe nozzle after the trench 
is backfilled, or 

2. Gravel which shall be puddled with 
hose and long pipe nozzle after the trench 
is backfilled, or 

3. Approved excavated material which 
shall be puddled with hose and long pipe 
nozzle after the trench is backfilled, or 

4. Approved excavated material which 
shall be placed in 3-in. layers and com 
pacted by tamping. 

Note: The engineer should here include 
one of the above requirements or any other 
requirement which is to be followed. The 
type of backfill material and the method of 
placing and compacting depends upon the 
importance of settlement. It also depends 
upon the type of pavement or surface. 
Puddling should not be done until the trench 
is backfilled. If more than one type of ma- 
terial and method of backfilling is required, 
the drawings or the Addendum should indi- 
cate the limits of each. 
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CAST-IRON 


14.8—Backfill Under Permanent Pave- 
ment. This section shall (or shall not) 
apply. 

Note: If this section applies, the engineer 


should here include the method of placing and 
consolidating. 


14.9—Backfilling Where Settlement 
Unimportant. This section shall (or shall 
not) apply. 

Note: If this section applies, the engineer 


should show on the drawings or here include 
the limits. 


Sec. 15—Removal, Restoration and Main- 
tenance of Surface 


15.1—Allowable Removal of Pavement. 


Nore: If the requirements of Sec. 15.1 
are not applicable, the engineer should so 
state and prepare requirements that do apply. 


15.2—Restoration of Damaged Surfaces 
and Property. ‘This section shall apply 
and the cost of the replacement or repairs 
will be determined by the engineer from 
measurements and the costs incurred (or 
from a schedule of fixed charges, or from 
a combination of both). 


Note: The engineer should here include 
a statement showing how the costs will be 
determined. Some cities do the repaving and 
restoration of sidewalk, curb, gutter and 
driveways with their own forces and furnish 
the bidders with a schedule of fixed unit 
prices. 


MAIN 
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15.3—Replacement of Pavement and 
Structures by Contractor. This section 
shall (or shall not) apply. 

Note: If the drawings do not show the 
type of replacement, the engineer should here 
specify the materials to be used. 


15.4—Replacement of Pavement and 
Structures by Owner. This section shall 
(or shall not) apply. 

15.6—Maintenance of Surface. Fol- 
lowing the certification of completion by 
the engineer, the contractor shall maintain 
the surface of the unpaved trenches, 
curbs, sidewalks, gutters, shrubbery, 
fences, sod and other surfaces disturbed 
for a period of three months thereafter; 
and shall maintain the repaved areas (if 
paved by the contractor) and curbs, gut- 
ters and sidewalks for one year after said 
certification. 

All material and labor required for the 
maintenance of the trenches and adjacent 
structures shall be supplied by the con- 
tractor and the work shall be done in a 
manner satisfactory to the engineer. 

Note: If the above paragraph does not 
apply in its entirety, the engineer should 
prepare a suitable paragraph. 


Special Note—Extra Work 

The Specifications for Installation 
of Cast-Iron Water Mains include pro- 
visions for payment for extra work in 
Sec. 5.2, 5.4, 6.5, 6.7, 6.8, 6.10, 6.13, 14.2 
and 14.4, and the engineer should include 
means of measurement and payment for 
such extra work elsewhere in the contract 
documents. 
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ENGINEERS 


Coffin & Richardson, Inc. 
Consulting Engineers 


Water Supply, Sewerage, Flood Control 
Investigation, Design, Valuation 


incinerators 


68 Devonshire St. .... Boston, Mass. 


Fay, Spofford & Thorndike, Inc, 


ENGINEERS 


Water Supply - Sewerage - Drainage 
Structural and Foundation Problems 


Investigations 
Designs 


Reports Valuations 
Engineering Supervision 


11 BEACON STREET BOSTON 


HALEY & WARD 
ENGINEERS 


Successors to Frank A. Barbour 


Water Works and Sewerage 
Valuations 
Supervision of Construction and 
Operation 


TREMONT BUILDING BOSTON, MASS. 


MORRIS KNOWLES 


Engineers 


INC, 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Industrial 
Wastes, Valuations, Laboratory, 
City Planning. 


1312 PARK BUILDING 
PITTSBURGH 22, PA. 


MALden 2-3800 
Gunite Restoration Co., Inc. 


Specializing in Pressure Concrete and 
Grouting 


Malden 48, Mass. 


595 Broadway, 


METCALF & EDDY 
ENGINEERS 


Water, Sewage, Drainage, Refuse and 


Industrial Wastes Problems 
Airports Valuations 


Statler Building 
Boston 16 


R. E. CHAPMAN COMPANY 
Oakdale, Massachusetts 


GRAVEL DEVELOPED AND 
GRAVEL PACKED WELLS 


All Sizes to 60” Diameter 
Best Equipped for Complete Test Drilling and 
Development of Large Supplies 
Tel. WEST BOYLSTON 5.3221 


CAMP, DRESSER & McKEE 


Consulting Engineers 


6 Beacon Street 
Boston 8, Massachusetts 


Water Works and Water Treatment; Sewerage 
and Sewage Treatment; Municipal and Indus- 
trial Wastes; Investigations and Reports; De- 
sign and Supervision; Research and Develop- 
ment; Flood Control. 


IRVING B. CROSBY 


Consulting Engineering Geologist 
Investigations and Reports 
Dams, Reservoirs, Tunnels, Ground 


Water Resources and Supplies 


6 Beacon Street, Boston 8, Mass. 


Leggette, Brashears & Graham 


Consulting Ground Water Geologists 
Water Supply Salt Water Problems 
Dewatering Investigations 


Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 
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EERS 


Malcolm Pirnie Engineers 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd St. New York 36, N. Y. 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 


14 BEACON ST. BOSTON, MASS. 


THE PITOMETER ASSOCIATES, INC. 
ENGINEERS 
Water Ww este Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurements & Special 
Hydraulic Investigations 


50 Church Street 


New York City 


WHITMAN & HOWARD 


Engineers 

Established 1869 
Investigations, Designs, Estimates, 
Reports and Supervision, Valua- 


tions, ete., in all Water Works and 
Sewerage Problems. 


89 BROAD ST. BOSTON, MASS. 


Charles A. Maguire & 


Associates 


Engineers 


14 Court Square 


Boston 8, Mass. 


236 Congress St., Boston, Mass. 


PIERCE -PERRY CO. 
Wholesalers of 


Water Works Brass Goods 
Byers Wrought Iron Pipe 
Youngstown Steel Pipe 


Valve and Service Boxes 


Telephone, HAncock 6-7817 — 6-7818 


Hazen and Sawyer 


ENGINEERS 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 
Reports, Design, Supervision 
of Construction and Operation 
Appraisals and Rates 


122 East 42nd St. 


3333 Book Tower 
New York 17, N. Y. 


Detroit 26, Mich. 


LAYNE - NEW YORK CO. 
Inc. 

SUCCESSORS TO 
Layne-Bowler New England Corp. 
Well Water Supply Contractors 
New England Headquarters 


15 Ryder Street, Arlington, Mass. 


D. L. MAHER CO. 


Water Supply Contractors 


Gravel Wall and Driven Wells 
Municipal and Industrial Supplies 


38B Brattle Street - Kirkland 7-1438 
Cambridge, Massachusetts 


SMITH and NORRINGTON 


120 Tremont St. 


ENGINEERING CORP. 


CONSULTING ENGINEERS 
ENGINEERING SUPERVISION 


Liberty 2-3244 


Boston 8, Mass. 
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GEORGE A. CALDWELL COMPANY 


1921 1957 


36 years 
of rendering DEPENDABLE SERVICE 
at REASONABLE PRICES 
for EXCELLENT QUALITIES 
of Water Works materials to supply your needs and to back up our 
slogan of ... 
“Everything for Water Service Work from Main to Meter” 


Complete Mueller - Valve, Hydrant, Tapping Sleeves and Valves, Brass 
Goods, Saddles, Tapping Machine Lines. — Complete Dresser Coupling 
Lines — Boxes in 100 Styles and Sizes — Pipe Line Tools and Fittings 
— Copper Tubing and Mineralead, Hydrotite, Jute, Hydrorings, etc., 
ete., ete. 

Watch for “Al” (Bud) Lash to visit you or ask us to have him call 
on you or — let “Ernie” Moore or Jack Hall handle your call 
when you phone. 


GEORGE A. CALDWELL CO. 


592 East First Street South Boston 27, Massachusetts 
Phone ANdrew 8-1172 


ENGINEERS 


ARTHUR C. LIBBY 
Civil Engineer 
WINTHROP, MAINE 


SURVEYS ano CONSTRUCTION 


BRIDGES FILTER PLANTS 
BUILDINGS PIPE LINES 
CANALS SEWERS 

DAMS WATER WORKS 
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OLD-FASHIONED PIPE © K&M ASBESTOS PIPE 


When installed 


After a few years 


After many years 


Choose your pipe for keeps 


Its permanently-smooth, non-tuberculating 
bore is just one of the advantages of the 
modern pipe—K&M_ Asbestos-Cement Pipe. 
Other advantages: Easy installation under 
any weather and ground conditions; non-cor- 
roding inner and outer surfaces; high resistance 
to electrolytic action; permanence of joint 
obtained quickly with exclusive _ K&M 
“Fluid-Tite’’® Coupling. 

FOR PRESSURIZED MAINS to 200 psi, K&M 
Pressure Pipe meets A.W.W.A., A.S.T.M., 
and U. S. Federal Specifications. 

Get the whole story on the modern pipe from 
the K&M distributor. 


Installing Asbestos-Cement Pipe is a 


fast, easy, permanent job with the exclusive 

K&M “Pita Vite” Coupling No heavy KEASBEY & MATTISON COMPANY + AMBLER, PENNSYLVANIA 
equipment or skilled labor needed, no waiting in Canada. it's ATLAS ASBESTOS CO. Lid. 5600 Hochelaga St. Montreal 
for favozable weather or ground conditions For “CENTURY” Pipe and “FLUID-TITE” Couplings 
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WATCH DOG 


ON GUARD 24 HOURS A DAY 


Profits in water service today are measured in 
pennies. Worthington-Gamon WATCH DOG 
Water Meters guard your profits three vital ways: 

Accuracy. . . provides precise measurement 

of water. 

Simplicity. . . of design makes for ease of 

repair. 

Durability . . when you invest in WATCH 

DOG Meters, you are assured of long life 

equipment. 

The majority of large U.S. cities are using 
WATCH DOG Meters. Write today for de- 
tailed information, concerning your specific re- 
quirements. Representatives and offices in all 
principal cities. 

SPLIT CASE 


METER DIVISION 


WORTHINGTON CORPORATION 
296 SOUTH STREET, NEWARK 5S, NEW JERSEY 


“The sign of value around the world” 
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{HYDRO-TITE' 


(POWDER) 


For over 40 years HYDRO-TITE has been faithfully 
serving water works men everywhere. Self-caulk- 
ing, self-sealing, easy-to-use. Costs about 1/5 as 
much as lead joints. Packed in 100 Ib. moisture- 
proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form 
packed in 50 Ib. cartons 2 litters of pigs to the 
box — 24 easy-to-handle Littlepigs. Easier to ship, 
handle and store. 


(REELS) 


The sanitary, bacteria-free joint pack- 
ing. Easier to use than jute and costs 
about half as much. Insures sterile 
mains and tight joints. 


HYDRO-TITE 


HYDRAULIC DEVELOPMENT CORPORATION 


Maw 


Sales 


50 Church Street, New York Genera Offers and Ma. 
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The job moves along fast 
with Transite and the Ring-Tite Coupling! 


Sectional view of 
Ring-Tite Coupling 
Ring is cut away to 
show how rings are 
compressed and 
locked in grooves—a 
tight, lasting seal! 


Transite Pressure Pipe is lightweight and easy to handle... 
quickly assembled with the Ring-Tite Coupling! 

With Transite” Pipe, installation crews move along fast! 
So fast, they consistently keep up with the excavator—in- 
stalling pipe as rapidly as the trench can be opened. 

Ease of handling and simplified assembly explain these ad- 
vantages. Light in weight, Transite is easier to truck, easier to 
handle. With the Ring-Tite® Coupling only simplest tools are 
needed for joining—ends are automatically positioned within 
the coupling to allow for expansion. 

So save while you assure your community of top economy, 
long trouble-free performance with Transite. For its smooth 
interior (flow coefficient is C = 140) often permits selection of 
smaller diameter pipe... a/ways keeps pumping costs low. 
And since Transite can’t tuberculate, water systems can be 
designed without allowing for future flow reduction caused 
by that form of interior corrosion. 

Let us send you booklet, TR-160A, Johns-Manville, Box 
14, New York 16, N. Y. In Canada, Port Credit, Ontario. 


Johns-Manville TRANSITE PRESSURE PIPE 


| 


dollars 


saved in 
maintenance 
cost show the real 
worth of a water meter. 
That’s where 


Hersey Water METERS 
have always excelled. 


You can’t buy 
a better Water Meter than Hersey. 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 
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Dirty, clogged water mains are a serious—dangerous threat 

to any fire fighting organization. Low water pressure caused by 

incrusted pipes often makes the difference between minor damage 

and major conflagration. Yes, dirt can mean disaster. 

Your community deserves the extra-protection of clean water mains. 
And, National with almost a half-century of cleaning 

experience can guarantee restoration of any water main to 

at least 95% of its original rated capacity! 


Call National today—tomorrow could be too late! 


® Malional 


\ NATIONAL WATER MAIN CLEANING COMPANY 
~ 50 Church Street * New York, N.Y. 


ATLANTA, GA., 333 Candler Building @ BERKELEY, CALIP., 905 Grayson Street @ DECATUR, 
GA., P. O. Box 385 @e BOSTON, MASS., 115 Peterboro Street @ CHICAGO, 8 South Dearborn 
Street @ ERIE, PA., 439 E. 6th Street @ FLANDREAU, 8.D., 315 N. Crescent Street @ KANSAS 
CITY, MO., 406 Merchandise Mart and 2201 Grand Avenue @ LITTLE FALLS, N.J., Box 91 @ 
LOS ANGELES, 5075 Santa Fe Avenue e MINNEAPOLIS, MINN., 200 Lumber Exchange Build- 
ing @ RICHMOND, VA., 210 E. Franklin Street e SALT LAKE CITY, 149-151 W. Second South 
Street @ SIGNAL MOUNTAIN, TENNESSEE, 204 Slayton Street @ MONTREAL, CANADA, 
2032 Union Avenue @e WINNIPEG, CANADA, 576 Wall Street @ HAVANA, CUBA, Lawrence 
H. Daniels, P. O. Box 531 @ SAN JUAN, PUERTO RICO, Luis F. Caratini Appartado 2184. 
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NOW...Dosage Automation 


with the 
WE&T ()uatity- 
uantity (hlorinator 


Select the residual you want and the new W&T Quality-Quantity Chlorin- 
ator will automatically maintain that residual. Immediate sensing of any change 
in a water’s chlorine demand—as well as flow—automatically controls chlor- 
ine feed rate to maintain a desired residual. That is Dosage Automation with 
the new W&T Quality-Quantity V-notch Chlorinator. 


DOSAGE AUTOMATION OFFERS THESE FEATURES: 


Maintains 


a selected residual, free or oh 
total, with automatic dos- 

age control. @ (= ] 
Anticipates | 
changes in chlorine 


demand. 


Controls 
Chlorine feed up to a full 
100 to 1 range at rates to 
2000 pounds of chlorine 
per 24 hours. 


Provides 


a record of chlorine dos- 
ages in p.p.m. and chlorine 
feed rates in pounds per 
24 hours. 


Utilizes 
the proven W&T V-notch 
Variable-Orifice for accu- 
rate, wide range chlorine 


For more information about this new type of 
chlorination system write for Bulletin S-118. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9,NEW JERSEY 
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GATE VALVES 


Call on Eddy for whatever 
you need in the way of fire hydrants—or for valves and 
accessories for water, oil or gas . . . standard or special 
applications. Replacement parts always available—proof 


you can always 


H. R. Prescott & Sons, Inc. 
NEW ENGLAND SALES AGENTS 
Box 7 + Greendale Sta. 
Worcester 6, Massachusetts 
Tel. West Boylston TE 5-4431 


EDDY COMPANY 


A subsidiery of Vomes 8. Clow & Sone, Inc. 
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High quality water service bronze, 85-5-5-5 mix . . . 
A full line of types and sizes for every need... 
Plugs individually ground in for perfect fit... 
Every stop individually tested .. . 
Threads interchangeable with those of other 
manufacturers .. . 
Backed by more than 80 years’ experience... 
Conform to all A.W.W.A. standards. 


The same quality is maintained in the complete HAYS line 
of Water Service Products. Send for literature 


CORPORATION 
sToP 


\ 


DUO-STOP 
CORPORATION STOP 
and 

MODEL SADDLE COMBINED 
COPPER METER SETTERS TAPPING MACHINE 


Increasing sales of 
HAYS quolity products 
ws fo enlarge HAYS MANUFACTURING CO. 


our sales force. Write 


us if you ore interested ERIE, PA, 


in selling for HAYS. 


WATER WORKS PRODUCTS 
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FLANGED PIPE AND SPECIALS WATER WORKS BRASS GOODS 
CURB AND GATE BOXES HYDRANTS AND VALVES 
CRESCENT DIAPHRAGM PUMPS PIPELINE EQUIPMENT AND TOOLS 


WROUGHT IRON AND STEEL CEMENT LINED PIPE 
LEAD LINED FITTINGS 


EUREKA CEMENT LINED PIPE CO., INC. 


Telephone: LY-3-9550 
591-593 WASHINGTON STREET LYNN, MASSACHUSETTS 


R. H. WHITE CONSTRUCTION CO., Inc. 
GENERAL CONTRACTORS 


Water Mains Pumping Stations 
Pumping Machinery Stand pipe Foundations 
Sewerage Disposal 


41 CENTRAL ST., AUBURN, MASSACHUSETTS 
(Tel. Auburn TErrace 2-4121) 


Pipe Founders Sales Corporation 
CAST IRON PIPE AND FITTINGS 
FOR 


Water, Steam, Gas and Culverts 
Special Flanged and Bell and Spigot Castings 
Lyncast Iron Chemical Castings 


Office: 131 State Street, Boston 9 Warehouse and Yard: East Cambridge, Mass. 


MILLS ENGINEERING CO., INC. 


10 High Street, Boston, Massachusetts 


Representing 


Philadelphia Gear Works, Inc. Bradley Washfountain Co. 
Gears, Speed Reducers Group Washing Equipment 
Limitorque Valve Controls 

American Well Works Blackburn-Smith Mfg. Co., Ine. 
Sewage and Water Process Pneumatic Ejectors 
Equipment Filters 
Pumps Strainers 
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KENNEDY A.W.W.A. Gate Valves 


Give You More Value For Your Valve Dollar . 


Rugged design and construction features 


Valves doing a better job over a longer 
pendable operating life 


KENNEDY manufactures a com- 
plete line of water works valves. 
Sizes range from 2” to 48” includ- 
ing non-rising stem and outside- 
screw-and-yoke valves. These 
valves feature the hook-and-wedge 
type disc mechanism for easier, 
better and more positive valve 
operation. A wide variety of pipe 
connections are available. 


O-RING SEALS 


Provide excellent sea! pre 
vent binding of stem and 
result in very easy sive 
operation KENNEDY O 
Rings are located above 
collar permit repacking 
under pressure Optiona! 
on KENNEDY non-rising 
stem AWWA valves 


STRONGER CONSTRUCTION 


iron that is 
50% stronger than ordinary cast iron to keep KENNEDY 


more de- 


KENNEDY Fig 56 


AWWA Standard lron- Body 
Double-Dise Gate Valve with 
Bel! Ends 


For maximum service life, for the 
greatest value for your valve 
dollar, specify KENNEDY valves 
and fire hydrants. Remember, 


KENNEDY means dependability 


in valves, fire hydrants and access- 
ories. 


Fig 56! 


Fiq 566 


Fig 566G Fig. S66FTR 


Write today for NEW A.W.W.A. Valve Bulletin 


TILITIES SUPPLY CORPORATION 
425 Riverside Ave. * Medford 55, Mass. * TEL. MYSTIC 8-9023 
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ANYBODY 


CAN SELL YOU A PRODUCT “NOT QUITE 
AS GOOD” FOR A LITTLE LESS. 


ONLY THE BEST IS SOLD AT 
PRESCOTT’S 
OVER 40 YEARS OF DEPENDABLE SERVICE 


H. R. Prescott & SONS, INC. 


( QUALITY WATER WORKS SUPPLIES SINCE 1914 


BOX 7 — GREENDALE BRANCH — WORCESTER 6, MASS. 


50 YEARS IN 50 MINUTES 


FLEXIBLE’S PATENTED PRESSURE TOOL with its 
two counter rotating heads, saw tooth head and cutting 
and seraping heads removes in minutes the accumula- 
tion of years. 

NEW ENGLAND PIPE CLEANING CO, has been doing 
those “impossible” jobs day and night throughout the 
New England States. Operating under all conditions 
with experienced engineers having over twenty years of 
“know how.” NEW ENGLAND PIPE CLEANING CO. 
has been saving money for far sighted water depart- 
ments. 


Also, a complete sewer cleaning service is available. 


NEW ENGLAND PIPE CLEANING CO. 


140 Rock View Dr., Cheshire, Conn. 41 Greenway St., Hamden, Conn. 
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AUTOMATIC VALVES 


Controls 
elevation 
of water 

in 
tanks, basins 
and 
reservoirs 


ALTITUDE VALVE 


1. Single Acting 
2. Double Acting 


Maintains 
desired discharge 
regardless 
of change 
in 
rate of flow 

pressure 


REDUCING VALVE 


Regulates pressures in gravity and pump 
systems; between reservoirs and zones of 
different pressures, ete. 


Maintains 
levels in tank, 
reservoir 
or basin 


l. As direct 
acting. 


2. Pilot oper- 
ated and with 
float traveling 
between two 


stops, for upper 


and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


A self contained 
unit, with 
controls 

three or more 


automatic 


COMBINATION VALVE 


Combination automatic control both di 
rections through the valve. 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution and 


pump 
discharge 


Kleetri« 
remote « ontrol 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROI 


VALVE 


Adapted for use as primary or second 


ary control on any of the hydraulically 
controlled or operated valves 


ROSS VALVE MFG. CO., INC. Box 592 TROY.N. Y. 
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PUBLIC WORKS SUPPLY CO. 


DISTRIBUTORS OF 
“DARLING” Fire Hydrants, Valves, Tapping Sleeves. 
“DRESSER” Couplings, Sleeves, Clamps. 
“FORD” Meter Test Benches, Yokes, Copper Horns. . 
““J-M” Bacteria free Asbestos Yarning Rope—Style 4210 and 4211. 
CAST IRON GATE AND CURB BOXES 


93-95 BROOKLINE ST., LYNN, MASS. Tel. LYnn 2-7823 


Cement Lined Service Pipe 


WE CAN NOW ship your requirements in all sizes of black or galvanized, steel or 
wrought iron pipe from stock. Genuine “Lipco’’ Cement Lined Pipe and Lead Lined 
Fittings have given and will continue to give years of trouble-free service. 


CEMENT LINED PIPE COMPANY 


93-95 Brookline St. Tel. LYnn 2-7823 Lynn, Mass. 


Pioneer Manufacturers of CENTRIFUGAL CEMENT LINED PIPES 


LIQUID CHLORINE ano 
SODIUM HYPOCHLORITE 


Prompt deliveries from nearby plant at Berlin, N. H. 


PRODUCTS OF 


BROWN [ij COMPANY 


Berlin, New Hampshire 


Torrington Supply Company, Inc. 


Water Works Distributors 


MUELLER BRASS GOODS — _ STEEL PIPE 
MUELLER TAPPING SLEEVES AND GATES — TOOLS 
MUELLER HUB END VALVES — WATER PUMPS 
COPPER TUBE AND BRASS PIPE 


125 Maple Street, Waterbury, Connecticut 
Telephone — PLaza 6-3641 
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Tel. SUDBURY 458 


Quality Products — Fast, Courteous and Dependable Service 


P. O. BOX 153 


HILCO SUPPLY 


delivers 


A Complete Line of Waterworks 
Supplies To All New England 


At the Junction of Routes 20 and 27 
SOUTH SUDBURY, MASSACHUSETTS 


VALVES 
FITTINGS 
up to | 
Dresser 24 inches in stock 
Flanged pipe specials up to 
20” made in our own shop. 


UTILITIES SUPPLY CORP. 


425 RIVERSIDE AVENUE 
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CUMMINS MODEL NVHI V-12 DIESEL PUMPING ENGINE 


Kennebunk, Kennebunkport and Wells Water District 
Kennebunk, Maine 


Originally intended as a stand-by unit, this engine (rated 264 HP at 1800 
RPM) has been driving a 2500 GPM high lift pump, and has handled almost 
the entire Summer load during 1953, 1954 and 1955. In 1954, pumping costs 
including depreciation came to $28 per million gallons pumped. 


Designed and engineered by Coffin & Richardson of Boston, this installa- 
tion was part of a long-range improvement program which was completed 
in 1956. 


CUMMINS DIESEL OF NEW ENGLAND, INC. 


201 Cambridge Street 205 Lincoln Street 
ALLSTON 34, MASSACHUSETTS SOUTH PORTLAND, MAINE 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS 


ASBESTOS-CEMENT PIPE. 
Johns-Manville 
Keasbey & Mattison Company 
BRASS GOODS. 
Caldwell Co., George A. . iv 
Eureka Cement Lined Pipe xiv 
Hileo Supply xix 
Mueller Co. ........ Fellowing front cover 
Pierce-Perry Co. fii 
Torrington Supply Co., “Ine. xvi 
Utilities Supply Corp. . : xix 
CALKING MACHINERY AND TOOLS. 
Hydraulic Development Corp. ..................... vii 
Mueller Co. Following front cover 
CAST IRON PIPE. (See Pipe, Cast ieee.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 
CHEMICAL FEED APPARATUS. 
B-I-F Industries ..... Following front cover 
Wallace & Tiernan Co., Inc. .. > ‘ xi 
CHLORINATORS. 
B-I-F Industries ..... Following front cover 
Wallace & Tiernan Co., Ine. . nao xi 
CLARIFIERS. 
Mills Engineering Co., Ine. ..... 
CLEANING WATER MAINS. 
Flexible Pipe Cleaning Co. ........... 
National Water Main Cleaning Co. 
COCKS, CURBS AND CORPORATIONS. 
Caldwell Co., George A. a iv 
Eureka Cement Lined ee Co. . TRATES xiv 
Hays Mfg. Co. xiii 
Mueller “o. Following front cover 
Utilities Supply Corp. a xix 
CONCRETE PIPE. (See Pipe, Concrete.) 
CONTRACTORS’ EQUIPMENT. 
Hydraulic Development Corp. ............ 
CONTRACTORS. 
Layne-New York Co., 
Maher, D. L. Co. .. 
White Construction Co., 
COUPLINGS, FLEXIBLE PIPE. 


Caldwell Co., George A. .... 

Public Works Supply Company 
CURB BOXES. 

Bingham & Taylor Corp. 

Caldwell Co., George A. .... 

Eureka Cement Lined Pipe Co. 

Hays Mfg. Co. 

Hileo Supply 

Mueller Co. . 

Pierce-Perry Co. . 

H. R. Prescott ‘ 

Public Works Supply Company 

Utilities Supply Corp. / 
DIAPHRAGMS, PUMPS. 

B-1-F Industries, Inc. 

Joseph G. Pollard Co. 
EJECTOR, PNEUMATIC. 

Mills Engineering Co., Inc. ... 
ENGINEERS. 

Camp, Dresser & McKee 

Coffin & Richardson 

Crosby, Irving B. 

Fay, Spofford and “Thorndike 

Haley and Ward 

Hazen and Sawyer .... 

Knowles Morris, Ince. .... 


Leggette, Brashears & Graham 


Libby, Arthur C. 


Maguire & Associates, Charles A. 


Metcalf and Eddy . 

Pirnie Engineers, Malcolm ....... 
Pitometer Associates, Inc., The 
Smith and Norrington 

Weston and Sampson 

Whitman and Howard ....... 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued ) 


FEED WATER FILTERS. 


B-I-F Industries, Ine 
Ross Valve Mfg. Co., Ine. 
FILTRATION PLANT EQU IPMENT. 
3-I-F Industries 
Mills Engineering Co., Inc. 
FLAP VALVES. 


Eddy Valve Co. 
FLEXIBLE JOINTS. 
U. 8S. Pipe and Foundry Co. 
FURNACES. 
Hileo Supply 
Hydraulic Deve lopme nt Corp. 
Leadite Co., The 
Mueller Co. 
Pollard Co., Joseph G. 
H. R. Prescott & Sons, Ine. .. 
Public Works Supply Company 
Utilities Supply Corp. 
GATE VALVES. (See Valves.) 
GEARS. 


Mills Engineering Co., Ine. . 
GENERATOR SETS 
Cummins 
GUNITE CONSTRUCTION. 
Gunite-Restoration Co., Ine. 
SUCTION AND CONDU CTION. 
H. R. Prescott & Sons, Inc. 
HYDRANTS, FIRE. 
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Co. 
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The A. P 
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Caldwell Co., George A. 
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Mueller Co 
Neptune Meter Co. 
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Company 
Meter Div. 


Mueller Co 

Public Works Supply Company 
METER TESTERS. 
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Ford Meter Box Co. 
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Neptune Meter Co. 

Public Works Supply Company 
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PIPE, BRASS. 

Caldwell Co., A. 
Hileo Supply 
Pierce-Perry Co. 

. R. Prescott & Sons, Inc. 
Torrington Supply Co., Ine. ... 
Utilities Supply Corp. . 

PIPE, CAST IRON (and Fittings.) 
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PIPE, CEMENT LINED. 

Cast Iron Pipe Research Association 
Cement Lined Pipe Co. ... 

Eureka Cement Lined Pipe Co. 
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U. S. Pipe and Foundry Co. 

Ut Supply Corp. 

PIPE CLEANING 
New Erland Pipe Cleaning Co 
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entriline Corp. 
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Lock Joint Pipe Co. 
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Caldwell Co., George A. 
Pollard Co., Joseph G. 

Smith Mfg. Co., The A. P. 

PIPE JOINTING MATERIAL, 
Caldwell Co., George A. 
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Pitometer Associates, Inc., The 
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i} . Co., Ine 
PROVERS, 
Badger Meter "Mfg. Co. 
Ford Meter Box Co. 
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Layne-New York Co., Ine. 

Hileo Supply 

Maher Co., D. L 

Mills Engineering Co., Ine. 
G. Pollard Co. 

4 Prescott & Sons, Ine 
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Turbine Equipment Co. 
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RATE CONTROLLERS AND GAUGES. 
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SPEED. 

Mills Engineering Co., Ine 

SHEAR GATES. 

Eddy Valve Co. 
Mueller Co. 
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Caldwell Co., George A. 
Eddy Valve Co. 
Hileo Supply 
Ludlow Valve Mfg. Co 
Mueller Co 
H. R. Preseott & Sons, Ine. 
Public Works Supply Company 
Smith Mfg. Co., The A. P. 
Utilities Supply Corp. 

STEEL PLATE WORK. 


Pittsburgh-Des Moines Steel Co. . 


STRAINERS. 

Mills Engineering Co., Ine. . 
SUPPLIES AND TOOLS. 

Caldwell Co., George A. 

Hileo Supply 

Hydraulic Development Corp 

Leadite Co., The ......... 

Mueller Co. ......... 

Pierce-Perry Co. 

Pollard Co., Joseph G. 

H. R. Prescott & Sons, Ine. . 

Public Works Supply Company 
TAPPING MACHINES. 

Caldwell Co., George A. 

Mueller Co. . 

Smith Mfg. Co., The A. P. .... 
TANKS, STEEL. 

Pittsburgh-Des Moines Steel Co. 
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Installing cast iron mechanical joint pipe across river at Salina, Kansas, for sewer main 


When an installation, once completed, 
should be as trouble-proof as planning 
and materials can make it — engineers 
rely on cast iron pipe. It has high beam- 
strength, compressive-strength and shock- 
strength. Its effective resistance to corro- 
sion ensures long life, underground or 
underwater. These are reasons why cast 
iron pipe is so widely used for water lines 
in tough terrain, pressure and outfall 
sewers, river crossings, and encased piping 
in sewage treatment and water filtration 
plants. Cast Iron Pipe Research Associa- 
tion, Thos. F. Wolfe, Managing Director, 
Suite 3440, Prudential Plaza, Chicago 1, Ill. 


This 123-year-old cast iron water main is still in 
use in the distribution system of St. Louis, Mo 


TRON PIP 


SERVES FOR 
4 CENTURIES 
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slips on like 


“SHUCKS, WE 18 LAYIN’ PIPE, BOSS 
THIS YERE IS TYTON JOINT” 


PIPE FOR WATER, SEWERAGE AND 
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an old shoe 


But once in, our revolutionary new 
“Tyton Joint” pipe seals bottle-tight. Hydrostatic 
tests on restrained “Tyton Joints” show that 
they will withstand pressures well in excess 

of hydrostatic test pressures required 

by the pipe specifications. 


Insert gasket with groove ever bead in gasket seat 


And only one accessory needed...a simple 
rubber gasket. This gasket fits into the 
bell end, and the connecting pipe compresses 


the gasket and seals the joint permanently. 
No bell holes. No delays. ‘‘Tyton Joint” pipe 
can be laid in rain or a wet trench. 


Wipe a film ef special lubricant ever inside of gasket 


And even the newest crew can handle it. 


Like full information on “Tyton Joint” pipe 
whose installation is simple, speedy 
and sure? Call or write us today and get the 
facts that will save you time, trouble, 


money in the trench. 


U. PIPE AND FOUNDRY COMPANY 


Insert plain ead of pipe until it contacts gasket 
Generali Oftice: Birmingham 2, Alabama 


A WHOLLY INTEGRATED PRODUCER FROM MINES 
AND BLAST FURNACES TO FINISHED PIPE 


INDUSTRIAL Service 


Force plain end te bottom of socket the job's dene! 
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The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the read at the meetings, together 
with reports of the discussions. Many of are from writers 
of the highest standing in their profession. It affords a convenient medium 
for the interchange of information and experience between the members, 
who are so widely separated as to find frequent meetings an impossibility. 
Its success has more than met the expectation of its projectors; there is a 
large and increasing demand for its issues, and every addition to its sub- 
scription list is a material aid in extending its field of usefulness. 

All members of the Association receive the JourNnaL for three dollars per 
annum which sum is included in their annual dues; to all others the sub- 
scription is four dollars per annum. 


TO ADVERTISERS 


‘THE attention of parties dealing in goods used by Water Departments is 
called to the JourNAL oF THE New ENGLAND Water Works AssociaTION 
as an advertising medium. 
Its subscribers include the principal Water Works Encineers anp Con- 
TRACTORS in the United States. The paid circulation is 1,200 coptes. 


Being filled with original matter of the greatest interest to Water Works 
officials it is PRESERVED and constantly REFERRED TO BY THEM, and 
advertisers are thus more certain to REACH BUYERS than by any other 
means. 

The Jounnat is not published as a means of revenue, advertising being 
inserted solely to help meet the large expense of publication. 


ADVERTISING RATES 


J 

Size of page 4% x 7% net. 


A sample copy will be sent on application. 
For further information address the Advertising Agent 


Mrs. Auice R. Metrose, 
73 TREMONT STREET, 
Boston 8, MassacHUSETTS 


One Issue Four Issues 
One Page $ 48.00 $120.00 
Half Page 30.00 75.00 
Quarter Pa 18.00 45.00 : 
j Eighth Page 11.00 27.00 


COSTS ARE REDUCED WHEN LEADITE IS USED 


Of course, the greatest advantage in using LEADITE, is, that 
it makes a good, tight joint,—and thus reduces leakage to a 
minimum,—but LEADITE also offers the following advan- 
tages, which are worthy of serious consideration: Saves 
caulking expenses—Reduces cost of digging large bell-holes 
—Saves in cost of material—Reduces time required for 
pumping “wet trenches” —Saves time in preparation—Saves 
time in handling on the job—Saves in freight and hauling 
charges. 


Another point, LEADITE saves “interest charges” by speed- 
ing up the completion of the water line. 


The true value of LEADITE is best indicated by the fact that 
it has been used on THOUSANDS OF MILES of Water 
Mains,—all over this Country, as well as in many Overseas 
Countries. 


The Pioneer self-caulking material for c. i. pipe, 
Tested and used for over 40 years, 
Saves at least 75%. 


THE LEADITE COMPANY 
Girard Trust Company Building — Philadelphia, Penna. 


No Caulking’ 
M2 


